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(54) New fluorescent cyanine labels containing a sulfamido linker arm 

(57) A fluorescent cyanine dye of the following general formula is disclosed: 





SOjNHtCH^-WKCHj)^ 



wherein: 

X 1 and X 2 are indipendently selected from the group consisting of -0-, -S-, -C(CH 3 ) 2 or -C=CH 2 ; and Y 2 are nonmetal 
atoms required to form a benzo-condensed or naphtho-condensed ring; Q is a conjugated moiety that increases the 
fluorescent quantum yield and the stability of the compound; and R 2 are indipendently selected from the group 
consisting of H, C r C 4 , alkyl, alkylensulfonic group or alkylensulfonate group wherein the alkylene group has from 1 
to 4 carbon atoms; R3, R4 and R5 are indipendently selected from the group consisting of H, a sulfonic group, a 
sulfonate group, alkylensulfonic, alkylensulfonate and -S0 2 NH(CH 2 ) m -W-CH 2 ) n Z, wherein alkylene has 1 to 4 carbon 
atoms, with the proviso that at least one of to R 5 contains a sulfonic or sulfonate group; W is absent or is a group 
selected from -S0 2 NH, -O-, -COO-, or -CONH-; n = 0-12 and m = 0-12 with the provisoes that m+n < 12 and at least 
one of m and n * 0; and Z is, or contains a N, O or S nucleophile functionality or is, or contains a functionality capable 
of reacting with N, O or S nucleophiles. Nucleophile functionalities include -NH 2 , -OH, and -SH groups; groups capable 
of reacting with such functionalities include -COCI, -COOCOR, -CONHNH 2 , N-hydroxysuccinimido esters, -NCS, 
-CHO, -COCH 2 l, phosphoramidite and maleimido. 
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S0 2 NH(CH 2 ) m -W-(CH 2 )„Z 



Figure 1 
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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to a new class of fluorescent dyes belonging to the cyanine family. The new 
fluorescent dyes can be excited using powerful yet inexpensive light emitting diodes and diode lasers; they exhibit 
good water solubility and can be attached or conjugated to a wide variety of molecules or surfaces for labelling purposes. 

BACKGROUND OF THE INVENTION 

10 

[0002] There has been, in recent years, an upsurge in research concerning the fluorescent labelling of biological 
compounds for the purpose of developing simpler, more sensitive assay methods. In particular, a class of fluorescent 
dyes has attracted much attention, namely the class of cyanine dyes. White in the past much work on these compounds 
was focused on obtaining lipophylic materials to be used in photographic processes, the current field of application in 
is the biological sciences requires instead hydrophylic species. Moreover, a new requirement emerged, in the necessity 
of providing reactive spacer links to be used for the binding of the dyes to biomolecules. 

[0003] With reference to the basic structure of the compounds such as shown in Fig. 1, it can be seen that such 
linker arms can be generally attached to either the aromatic portion of the molecule, or to the indolenine nitrogens, or 
to the polymethine bridge forming the Q moiety. 
20 For example, Waggoner at al. described in Cytometry 10, 3-10 (1989) iodoacetamido groups bound to the aromatic 
frame, for the purpose of labelling thiol containing molecules, and isothiocyanide groups also bound to aromatic frame 
for labeling amine containing compounds (in Cytometry 10, 11-19(1989). 

Mank and coworkers in Anal. Chem. 67, 1742-1748 (1995) made N-hydroxysuccinimide (NHS) ester cyanine dyes 
derivatives from carboxyl groups or carboxymethyl groups attached to the aromatic frame, for precolumn derivatisation 
25 of amines in liquid chromatography. The labelled amines could then be detected with ultra high sensitivity by visible 
diode laser-induced fluorescence. 

Waggoner and co-workers developed cyanine labels in which the reactive NHS function is connected to the indolenine 
nitrogen by an alky! chain (Mujumdar et al., Bioconjugate Chem. 4, 105-111 , 1993). This approach was also followed 
by Brush and Erie (US 5,808,044) who disclosed a method for making cyanine phosphoramidites useful in nucleotide 
30 labelling. 

Patonay and co-workers described a tricarbocyanine class of cyanine dye containing isothiocyanide groups attached 
to the polymethine bridge via a thiophenol linker for the binding of molecules with the amino functionality in J. Org. 
Chem, 57, 4578-4580(1992). 

[0004] While the previous approaches achieved various degrees of success, in many cases they introduced unwant- 
35 ed side effects in the dyes. For example, when the reactive group is directly attached to aromatic frame, the fluorescence 
efficiency of the dye is negatively affected as shown in Anal. Chem. 67, 1 742-1748 (1 995). In other cases, the existence 
of a flexible side chain directly attached to the indolenine N allows the labeled molecule to come into close contact 
with the chromophoric polymethine chain: this can also perturb or negatively affect the fluorescence of the dye by 
intermolecular quenching. Finally, some approaches (e.g. Organic Chem, 57, 4578-4580 (1992) can be used only for 
40 particular dyes. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention fluorescent cyanine dyes have been developed with suitable reactive 

45 groups linked to the aromatic framework via a sulfamidoalkyl chain, as shown in Fig.1 . 

[0006] A wide variety of fluorescent cyanine labels can be made by following this approach, useful for labelling mol- 
ecules containing amino, thiol, hydroxy! functionalities. By the same general procedure, cyanine labels can also be 
made suitable for binding molecules containing aldehydes, carboxylic acid derivatives such as chlorides, anhydrides 
and active esters, or maleimido groups. The present invention offers considerable advantages over previously disclosed 

50 methods in terms of eliminating all possible interferences between the fluorescent cyanine labels and the labeled 
molecule. Its also of more general applicability. 

[0007] These valuable properties are obtained by attaching a flexible alkylene spacer arm to the rigid aromatic frame 
of the dye via a very stable and easy to introduce sulfamido bond. Since the reactive portion of the labels is positioned 
at the very end of the aforementioned alkylene chain the labeled molecule is made incapable of coming into close 
55 contact with the chromophoric polymethine segment of the dye. However, the flexibility provided by the alkylene chain 
can often be advantageous in obtaining a good labelling yield, especially with hindered molecules. 
[0008] The aryl sulfamido group was chosen because it does not interfere with the fluorescent behaviour of the dye 
and also because its precursor, the sulfonate group is commonly found in a very large number of arylamines, which 
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are needed for the synthesis of the cyanine dyes. In contrast, the carboxyl group, which was chosen as a linker or for 
direct activation via NHS est rs, not only causes a decrease in the fluorescence quantum yield of the dyes as shown 
by Mank and coworkers in Anal. Chem. 67, 1742-1748 (1995) but also the aminoaryl carboxyl precursors suitable for 
the dye synthesis are not as generally available as the corresponding aminoaryl sulfonic acids or sulfonates. The latter 
s statement applies in particular to the naphthalene series. In this case the carboxyl and amino groups need to be located 
in different aromatic rings to allow the formation of the indolenine precursor. However, in all the commonly available 
amino naphtalene carboxylic acids both functional groups are attached to the same ring. In contrast, dozens of ami- 
nonaphthalene sulfonic acids are available due to their use as dye intermediates and in many such compounds the 
amino and sulfonic groups are found in separate rings as required by the present invention. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present invention is directed to fluorescent dyes of the formula: 

75 



20 




wherein: 

25 

X, and X 2 are indipendently selected from the group consisting of -O-, -S-, -C(CH 3 ) 2 or -C=CH 2 ; 

Y, and Y2 are nonmetal atoms required to form a benzo-condensed or naphtho-condensed ring; 

30 Q is a conjugated moiety that increases yhe fluorescent quantum yield and the stability of the compound; 

and R 2 are indipendently selected from the group consisting of H, C V C A , alkyl, alkylensulfonic group or alkylen- 
sulfonate group wherein the alkylene group has from 1 to 4 carbon atoms; 

35 R3. R4 and R 5 are indipendently selected from the group consisting of H, a sulfonic group, a sulfonate group, 

alkylensulfonic, alkylensulfonate and -S0 2 NH(CH 2 ) m -W-(CH 2 ) n Z, wherein alkylene has 1 to 4 carbon atoms, with 
the proviso that at least one of to R 5 contains a sulfonic or sulfonate group; 

W is absent or is a group selected from -S0 2 NH, -O-, -COO-, or -CONH-; n = 0-1 2 and m = 0-1 2 with the provisoes 
40 that m+n <, 1 2 and at least one of m and n * 0; 

and Z is, or contains a N, O or S nucleophile functionality or is, or contains a functionality capable of reacting with 
N, O or S nucleophiles. 

45 [0010] Nucleophile functionalities include -NH 2 , -OH, and -SH groups; groups capable of reacting with such func- 
tionalities include -COCI, -COOCOR, -CONHNH 2 , N-hydroxysuccinimido esters, -NCS, -CHO, -COCH 2 l, phosphora- 
midite and maleimido; R is a C1-C4 alkyl. 

[0011] Preferably, at least two of the groups R-, to R 5 contain a sulfonic acid or a sulfonate group. 
[0012] Preferably, R 3 , R 4 , R 5 may all be a group of the type -S0 2 NH(CH 2 ) m -W-(CH 2 ) n Z thus providing a dye with up 
so to four reactive functionalities. 

[0013] Q is preferably a polymethine chain having from 3 to 7 carbon atoms preferably selected from the group 
consisting of: 
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[0014] Wherein R 6 is H, a halogen atom or the group S0 2 NH(CH 2 ) m -W-(CH 2 ) n Z and i is 0 or 1. 

[0015] Also included within the scope of the invention are the valence tautomers of the compounds of formula (1) 

wherein the valence tautomerism is intended to mean the shifting of the conjugated bonds in the polymethine chain. 

35 [0016] More specifically, the fluorescent labelling dyes of the present invention can be represented by the general 
formulae of Figures 2 and 3 wherein X 1 and X 2 are as above defined and preferably -C(CH 3 ) 2 . Two general methods 
for the preparation of 2,3,3-trimethyl-(3H)-indoles with sulfamidoallkyl linker arms, are shown in Figure 4. These com- 
pounds are key intermediates in the syntheses of the cyanine dyes. Similar schemes can be followed for the syntheses 
of 1,1,2-(1H)-benz[e]indoles with sulfamidoallkylene linker arms. According to the scheme shown in Figure 4a, the 

^0 synthesis starts with cheap, easily available 4-acetamidobenzene sulfonyl chloride (a starting material in the synthesis 
of sulfa drugs). This compound reacts with a wide variety of aminoalkylene compounds H 2 N(CH 2 ) n 2. In many cases, 
it is necessary to protect the functionality Z during this step or in later steps. Protected functionalities are indicated as 
Z(prot). This can be accomplished using standard protecting groups. For example, carboxyl groups can be protected 
as t-butyl esters, alcohol groups as tetrahydropyranyl (THP) acetals and amines as trifluoroacetamides, or, more con- 

45 veniently, a large excess of diaminoalkanes can be used: the distal amino group can then be protected as a trifluoro- 
acetamide. In the next step of Figure 4a, the acetamido protecting group is removed by base hydrolysis. Under these 
conditions the previously formed sulfamido bonds are stable. The resulting primary aromatic amino groups are reduced 
to hydrazines by the action of SnCI 2 in concentrated hydrochloric acid. In the final step, a Fischer indole synthesis is 
performed by condensing the hydrazino derivatives with 3,3-dimethyl-2-butanone. According to the alternative scheme 

so (Figure 4b), the Fischer indole synthesis takes place in the first step., that is, 4-hydrazinobenzenesulfonic acid is con- 
densed with 3,3-dimethyl-2-butanone. The product, 2,3,3-trimethyl-(3H)-indole-4-sulfonic acid potassium salt, is con- 
verted to 2,3,3-trimethyl-(3H)-indole-4-sulfochloride sulfonyl chloride by heating it with phosphorus pentachloride. As 
in the previous method, the sulfochloride is then reacted with a wide variety of aminoalkyl compounds HgNfCH^Z 
(prot). The protective groups can be removed most conveniently after the N-alkylation of the indolenine. 

55 [0017] More specifically, compounds falling within the domain of the present invention are synthesized as shown in 
Figures 5-44. 

[0018] Similar schemes can be followed for the synthesis of oxa- and thiacyanines with sulfamidoalkyl linker arms. 
In particular, 2-methylbenzoxazoles, 2-methylnaphtoxazoles, 2-methylbenzothiazoles and 2-methylnaphtothiazoles 
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with the appropriate substituents in the benzo or naptho ring (sulfonic or sulfamidoalkylen groups) are used in place 
of the corresponding 2, 3,3-trimethyl-(3H)-indoles 1 ,1 ,2-(1 H)-benz[e]indoles. Asymmetric dyes (oxa-indocyanines, thia- 
indocyanines, oxathiacyanines) can also be made by appropriately choosing the corresponding heterocycles. 
[0019] The optical properties of some dyes series in phosphate-buffered saline solution are summarized in the fol- 
5 lowing Table: 



DYE 


Absorption (X max) 


Emission (X max) 






trimethine 


550 


565 


pentamethine 


650 


668 




heptamethine-H-cycl ohexene 


747 


776 


heptamethine-Cl-cyclohexene 


776 


803 






trimethine 


580 


600 


pentamethine 


670 


695 


heptamethine-H-cyclohexene 


780 


807 


heptamethine-Cl-cyclohexene 


810 


843 


? . lift!! MM^^MM^'mM^ 




trimethine 


565 


580 


pentamethine 


660 


675 


heptamethine-H-cyclohexene 


766 


778 


heptamethine-Cl-cyclohexene 


790 


822 



30 

[0020] Immunoassays can be developed that rely on fluorescence measurements in the quantitation step. These 
measurements include fluorescence intensity, lifetime fluorescence or anisotropy (fluorescence polarization). To this 
end, the fluorescent compound of the invention is conjugated to an immunologically binding reagent, such as a mon- 
oclonal or polyclonal antibody or an antigen. 
35 [0021] The conjugation of cyanine dyes with a sulfamidoalkylene spacer arm to anti-p-HCG and anti-a-fetoprotein 
antibodies is described in Example 26 and 28. Standard separation assays employing the cyanine conjugates and 
fluorescence intensity measurement of the captured fluorescent label are described in Examples 25 and 27, respec- 
tively. 

[0022] The dyes of the present invention also have utility in any current application for detection of nucleic acids that 
40 requires a sensitive detection reagent. The nucleic acid in the sample may be either RNA or DNA, or a mixture thereof. 
When the nucleic acid is DNA, the DNA may be optionally be single-, double-, triple- or quadruple-stranded DNA. The 
nucleic acid may be either natural (biological in origin) or synthetic (prepared artificially) and can be present in the 
sample as nucleic acid fragments, oligonucleotides, or nucleic acid polymers. The presence of the nucleic acid in the 
sample may be due to a successful or unsuccessful experimental methodology, undesirable contamination, or a disease 
45 state. 

[0023] The fluorescent dyes of the present invention can also be used for DNA sequencing methods. Typically, a 
fluorophore-labelled probe specific to the sequence is hybridised with the target DNA and the sequence ladders are 
identified by laser induced fluorescence or other appropriate means for detecting fluorescence labelled DNA. 
[0024] Example 29 describes a method for the labelling of ribonucleotides, deoxy ribonucleotides and dideoxyribo- 
so nucleotides with the dyes of the invention. The structures of the compounds obtained by this method are shown in 
Figures 45-56. 

[0025] One particularly useful form of fluorescence assay is the utilisation of fluorescence polarisation. Fluorescence 
polarisation occurs when a fluorescent molecule is excited with polarised light which results in he emitted light from 
the fluorescence molecule also to be polarised. A quantitative determination of the polarisation of the excited molecule 
55 can be obtained by measuring the relative intensity of the emitted light parallel and perpendicular to the plane of 
polarisation of the excitation light. This type of assay has the advantage of being homogeneous, that is it does not 
require any separation steps. Example 30 describes the preparation of a theophylline-(sulfamidoalkylamino)cyanine 
conjugate. 
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EXAMPLE 1 

Preparation of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (I) 

5 [0026] 5 g of dry 2,3,3-trimethyl-(3H)-indole 5-sulfonic acid potassium salt (1 8 mmol), prepared as described in Mank 
et a!., Anal. Chem. 1995, 67, p. 1744, were mixed with 7.5 g of PCI 5 (36 mmol) and 2 ml of POCI 3 ( 22 mmol) in a 500 
ml round bottom flask . The flask, fitted with a reflux condenser was heated under argon for 2 hours at 110 °C in an oil 
bath. Unreacted phosphorus chlorides were removed under vacuum at 110 °C using a membrane pump operating at 
7 mm Hg. The cooled mixture was triturated with two 150 ml_ portions of dry hexane in order to remove impurities. The 

io hexane extracts were discarded and the crude sulfochloride is dried at 110 °C in vacuo (yield: 90%). 

EXAMPLE 2a 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with the t-butyl ester of glycine, 5-(S0 2 -NH- 
15 CH 2 -COO-t-butyl)-2 1 3,3-trimethyl-(3H)-indole(lla). 

[0027] 5. 15 g of glycine t-butyl ester dibenzenesulfimide salt (12 mmmol) and 8 mL of pyridine are dissolved in 100 
mL of chloroform. To this solution are added under stirring 2 g of crude 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 
mmmol) from Example 1. After stirring at room temperature overnight, the solvent and the pyridine are evaporated in 
20 vacuo. The residue is treated three times with 1 00 mL of chloroform which is then again removed in vacuo. The crude 
sulphonamide is then dissolved in chloroform and precipitated by dropwise addition to 1 L of diethyl ether. (Yield: 70%). 

EXAMPLE 2b 

25 Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with the t-butyl ester of p-alanine, 5-(S0 2 NH- 
CH 2 -CH 2 -COO-t-butyl)-2,3 l 3-trimethyl-(3H)-indole (lib). 

[0028] The sulfonamide was prepared according to the procedure of Example 2a from 2.18 g of p-alanine t-butyl 
ester hydrochloride (12 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 mmmol) 
30 from Example 1 . (Yield: 67%). 

EXAMPLE 2c 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with the t-butyl ester of y-aminobutyric, 5- 
3S (S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -COO-t-butyl)-2 l 3 I 3-trimethyl-(3H)-indole (lie). 

[0029] The sulfonamide was prepared according to the procedure of Example 2a from 2.35 g y-aminobutyric t-butyl 
ester hydrochloride (12 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole 4-sulfochloride (7.8 mmmol) 
from Example 1 . (Yield: 90%). 

40 

EXAMPLE 2d 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with the t-butyl ester of e-aminocaproic acid, 
5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COO-t-butyl)-2,3,3-trimethyl-(3H)-indole (lid). 

45 

[0030] The sulfonamide was prepared according to the procedure of Example 2 from 2.68 g of e-aminocaproic acid 
t-butyl ester hydrochloride (12 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 
mmmol) from Example 1. (Yield: 80%). 

50 EXAMPLE 2e 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with 1 ,4-diaminobutane, 5-(S0 2 NH-CH 2 -CH 2 - 
CH 2 -CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indole (lie). 

55 [0031] The sulfonamide was prepared according to the procedure of Example 2a from 8mL of 1 ,4-diaminobutane 
(80 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 mmmol) from Example 1 . (Yield: 
75%). 
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EXAMPLE 2f 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with 1 ,6-diaminohexane, 5-(S0 2 NH-CH 2 -CH 2 - 
CH 2 -CH 2 -CH2-CH 2 -NH2)-2,3,3-trimethyl-(3H)-indoie (lit). 

5 

[0032] The sulfonamide was prepared according to the procedure of Example 2a from 10 g of 1 ,4-diaminohexane 
(86 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 mmmol) from Example 1 . (Yield. 
80%). 

10 EXAMPLE 2g 

Preparation of the sulfonamide derivative of 2,3,3-trimethyl-(3H)-indole with 6-amino-1 -hexanol, 5-(S0 2 NH-CH 2 -CH 2 - 
CH 2 -CH 2 -CH 2 -CH 2 -OH)-2 1 3,3-trimethyl-(3H)-indole (llg). 

75 [0033] The sulfonamide was prepared according to the procedure of Example 2a from 1 .4 g of 6-amino-1 -hexanol 
(12 mmol), 8 mL of pyridine and 2 g of 2,3,3-trimethyl-(3H)-indole-4-sulfochloride (7.8 mmol) from Example 1 . (Yield: 
78%). 

EXAMPLE 3a 

20 

Preparation of 5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF 3 )-2,3,3-trimethyl-(3H)-indole (Ilia). 

[0034] 1 .8 g of the sulfonamide prepared according to the procedure of Example 2d was treated with trifluoroacetic 
anhydride at room temperature, (Yield: 96%). 

25 

EXAMPLE 3b 

Preparation of 5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF3)-2,3 f 3-trimethyl-(3H)Hndole (lllb). 

30 [0035] 1 .8 g of the sulfonamide prepared according to the procedure of Example 2e was treated with trifluoroacetic 
anhydride at room temperature. (Yield: 99%). 

EXAMPLE 4 

35 Preparation of 5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH2-CH2-OTHP)-2 > 3,3-trimethyl-(3H)-indole (IVa). 

[0036] 1 .8 g of the sulfonamide prepared according to the procedure of Example 2g was treated with an excess of 
3,4-diidro-2H-pyrane at room temperature and a few drops of trifluoroacetic acid as catalyst. (Yield: 90%). 

40 EXAMPLE 5 

Preparation of 1,1,2-trimethyl-O H)-benz[e]indole-6-sulfochloride (V) 

[0037] 1 ,1,2-trimethyl-(1H)-benz[e]indole-6-sulfonic acid, prepared as described in WO 97/13810, was dissolved in 
45 methanol and stirred with a saturated potassium hydroxide in isopropanol. The potassium salt precipitated and was 
collected on a filter, washed with isopropanol and dried in vacuo.6.0 g of the salt (18.3 mmol), were mixed with 7.5 g 
of PCI 5 (36 mmol) and 2 ml of POCI 3 (22 mmol) in a 500 ml round bottom flask . The flask, fitted with a reflux condenser 
was heated under argon for 2 hours at 110 °C in an oil bath. Unreacted phosphorus chlorides were removed under 
vacuum at 110 °C using a membrane pump operating at 7 mm Hg. The cooled mixture was triturated with two 150 mL 
so portions of dry hexane in order to remove impurities. The hexane extracts were discarded and the crude sulfochloride 
is dried at 110 0 in vacuo (yield: 60%). 

EXAMPLE 6a 

55 Preparation of the sulfonamide derivative of 1 , 1 ,2-trimethyl-(1 H)-benz[e]indole with the t-butyl ester of glycine, 6- 
(S0 2 NH-CH 2 -COO-t-butyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indole (Via) 

[0038] 5. 1 5 g of glycine t-butyl ester dibenzenesulfimide salt (12 mmmol) and 8 mL of pyridine are dissolved in 100 
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ml_ of chloroform. To this solution are added under stirring 2.5 g of 1 ,1 ,2-trimethyl-(1 H)-benz[e]indole-6-sulfochloride 
(7.6 mmmol) from Example 5. After stirring at room temperature overnight, the solvent and the pyridine are evaporated 
in vacuo. The residue is treated three times with 100 mL of chloroform which is then again removed in vacuo. The 
crude sulphonamide is then dissolved in chloroform and precipitated by dropwise addition to 1 L of diethyl ether (Yield: 
s 90%). 

EXAMPLE 6b 

Preparation of the sulfonamide derivative of 1,1,2-trimethyl-(1H)-benz[e]indole with the t-butyl ester of p-alanine, 6- 
10 (S0 2 NH-CH 2 -CH 2 -COO-t-butyl)-1 ) 1 ,2-trimethyl-(1 H)-benz[e]indole (Vlb) 

[0039] The sulfonamide was prepared according to the procedure of Example 6a from 2.18 g of p-alanine t-butyl 
ester hydrochloride (12 mmol), 8 mL of pyridine and 2.5 g of l.l^-trimethyl-tlHJ-benztelindole-e-sulfochloride (7.6 
mmmol) from Example 5 (Yield: 81%). 

75 

EXAMPLE 6c 

Preparation of the sulfonamide derivative of 1 ,1 ,2-trimethyl-(1 H)-benz[e]indole with the t-butyl ester of y-aminobutyric, 
6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -COO-t-butyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indole (Vic). 

20 

[0040] The sulfonamide was prepared according to the procedure of Example 6a from 2.35 g y-aminobutyric t-butyl 
ester hydrochloride (12 mmol), 8 mL of pyridine and 2.5 g 1,1,2-trimethyl-(1 H)-benz[e]indole-6-sulfochloride (7.6 
mmmol) from Example 5 (Yield: 80%). 

25 EXAMPLE 6d 

Preparation of the sulfonamide derivative of 21 , 1 ,2-trimethyl-(1 H)-benz[e]indole with the t-butyl ester of e-aminocaproic 
acid, 6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COO-t-butyl)-1,1,2-trimethyl-(1H)-benz[e]indole(Vld). 

30 [0041] The sulfonamide was prepared according to the procedure of Example 6a from 2.68 g of e-aminocaproic acid 
t-butyl ester hydrochloride (1 2 mmol), 8 mL of pyridine and 2.5 g of 1 ,1 ,2-trimethyl-(1 H)-benz[e]indole-6-sulfochloride 
(7.6 mmmol) from Example 5. (Yield: 89%). 

EXAMPLE 6e 

35 

Preparation of the sulfonamide derivative of 1 ,1 ,2-trimethyl-(1 H)-benz[e]indole with 1 ,4-diaminobutane, 7-(S0 2 NH- 
CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 ,1 ,2-trimethyl-(1 H)-benz[e]indole (Vie). 

[0042] The sulfonamide was prepared according to the procedure of Example 13 from 8mL of 1 ,4-diaminobutane 
40 (80 mmol), 8 mL of pyridine and 2.5 g of l,l,2-trimethyl-(1H)-benz[e]indole-7-sulfochloride (7.6 mmmol) from Example 
12. (Yield: 90%). 

EXAMPLE 6f 

45 Preparation of the sulfonamide derivative of 1 ,1 ,2-trimethyl-(1 H)-benz[e]indole with 1 ,6-diaminohexane, 6-(S0 2 NH- 
CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1,1,2-trimethyl-(1H)-benz[e]indole (Vlf). 

[0043] The sulfonamide was prepared according to the procedure of Example 13 from 10 g of 1 ,4-diaminohexane 
(86 mmol), 8 mL of pyridine and 2 g of 1 ,1 ,2-trimethyl-(1H)-benz[e]indole-7-sulfochloride (7.6 mmmol) from Example 
so 12. (Yield 90%). 

EXAMPLE 6g 

Preparation of the sulfonamide derivative of 1,1 ,2-trimethyl-(1H)-benz[e]indole with 6-amino-1-hexanol, 7-(S0 2 NH- 
55 CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1,1,2-trimethyl-(1H)-benz[e]indole (Vlg). 

[0044] The sulfonamide was prepared according to the procedure of Example 10 from 1.4 g of 6-amino-1-hexanol 
(12 mmol), 8 mL of pyridine and 2.5 g of 1,1,2-trimethyl-(1H)-benz[e]indole-4-sulfochloride (7.6 mmol) from Example 
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9. (Yield: 99%). 
EXAMPLE 7a 

s Preparation of 6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF 3 )-1 , 1 ,2-trimethyl«(1 H)-benz[e]indole (Vila). 

[0045] 2.6 g of the sulfonamide prepared according to the procedure of Example 6e was treated with trifluoroacetic 
anhydride at room temperature. (Yield: 83%). 

10 EXAMPLE 7b 

Preparation of 7-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF 3 )-1 , 1 ,2-trimethyl-(1 H)-benz[e]indole (Vllb). 

[0046] 3. 1 g of the sulfonamide prepared according to the procedure of Example 6f was treated with trifluoroacetic 
75 anhydride at room temperature. (Yield: 91%). 

EXAMPLE 8 

Preparation of 7-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH2-CH2-CH2-OTHP) -1 ,1 ,2-trimethyl-(1 H)-benz[e]indole (VIII). 

20 

[0047] 2.8 g of the su Ifonamide prepared according to the procedure of Example 6g was treated with tetrahydropyrene 
at room temperature. (Yield: 97%). 

EXAMPLE 9a 

25 

Preparation of 1-(§-sulfonatobutyl)-5-(S0 2 NH-CH 2 -COOH)-2 f 3,3-trimethyl-(3H)-indolium (IXa). 

[0048] In a 100 mL roun6-bottom flask, 2.5 g (7.1 mmol) of 5-(S0 2 NH-CH r COO-t-butyl)-2,3,3-trimethyl-(3H)-indole 
from Example 2a were dissolved in 30 mL of hot sulfolane under argon. To this solution was added 1 ,4-butanesultone 
30 (1 mL, 9.8 mmol). The mixture was then heated at 130 °C for 12 hours.. After cooling, the dark solution was mixed 
with 50 mL of toluene. The brown precipitate was filtered and washed with two 50mL portions of toluene. The protective 
group was removed by dissolving the crude product in a few milliliters of methanol/concentrated hydrochloric acid. The 
resulting solution was stirred for two hours at room temperature and the title product was precipitated by dropwise 
addition to 500 mL of ether and dried in vacuo. (Yield: 90%). 

35 

EXAMPLE 9b 

Preparation of V(5-sulfonatobutyl)-5-(S0 2 NH-CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium (IXb). 

40 [0049] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 5- 
(S0 2 NH-CH 2 -CH 2 -COO-t-butyl)-2 1 3,3-trimethyl-(3H)-indole, Example 2b, and 1 .0 mL (9.8 mmol) of 1 ,4-butanesultone 
(Yield: 89%). 

EXAMPLE 9c 

45 

Preparation of 1-(5-sulfonatobutyl)-5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -COOH)-2 > 3 I 3-trimethyl-(3H)-indolium (IXc). 

[0050] The title compound was prepared according to the procedure of Example 9a from 2.5 g (7.1 mmol) of 5- 
(S0 2 NH-CH 2 -CH 2 -CH2-CH2-COO-t-butyl)-2,3 l 3-trimethyl-(3H)-indole l Example 2c, and 1.0 mL (9.8 mmol) of 1,4-bu- 
so tanesultone (Yield: 58%). 

EXAMPLE 9d 

Preparation of 1-(8-sulfonatobutyl)-5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium 
55 (|Xd). 

[0051] The title compound was prepared according to the procedure of Example 9a from 2.8 g (7.1 mmol) of 5- 
(S0 2 NH-CH 2 -CH 2 -CH2-CH 2 -CH 2 -CH 2 -COO-t-butyl)-2,3 l 3-trimethyl-(3H)-indole, Example 2d, and 1 .0 mL (9.8 mmol) 
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of 1 ,4-butanesultone (Yield: 89%). 
EXAMPLE 9e 

Preparation of 1-(5-sulfonatobutyl)-5-(S0 2 NH-CH r CH 2 -CH 2 -CH 2 -NH 2 )-2,3 l 3-trimethyl-(3H)-indolium (IXe). 

[0052] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 5- 
( S0 2 NH-CH2-CH 2 -CH 2 -CH 2 -NHCOCF 3 )-2 I 3,3-trimethyl-(3H)-indole, Example 3a, and 1.0 mL (9.8 mmol) of 1 ,4-bu- 
tanesultone (Yield: 79%). 

EXAMPLE 9f 

Preparation of 1 -(5-sulfonatobutyl)-5-(S0 2 NR-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH2-NH 2 )-2 1 3,3-trimethyl-(3H)-indolium (IXf). 

[0053] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF 3 )-2 ) 3,3-trimethyl-benz[e]-(3H)-indole 1 Example 3b, and 1.0 mL (9.8 
mmol) of 1 ,4-butanesultone . (Yield: 99%). 

EXAMPLE 9g 

Preparation of 1 -(5-sulfonatobutyl)-5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)-indolium (IXg) 

[0054] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7. 1 mmol) of 5-( S0 2 - 
NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OTHP)-1,1,2-trimethyl-(1H)-benz[e]indole I Example 4, and 1.0 mL (9.8 mmol) of 
1 ,4-butanesultone (Yield: 89%). 

EXAMPLE 10a 

Preparation of l-JS-sulfonatobutyO-e-fSOgNH-CH^COOHJ-IJ^-trimethyl-flHVbenzIeJindolium (Xa). 

[0055] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 6- 
( S0 2 NH-CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indole, Example 6a, and 1.0 mL (9.8 mmol) of 1 ,4-butanesultone 
(Yield: 95%). 

EXAMPLE 10b 

Preparation of 1-(5-sulfonatobutyl)-6-(S0 2 NH-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indolium (Xb). 

[0056] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 6- 
(SO 2 NH-CH 2 -CH 2 -COO-t-butyl)-1,1,2-trimethyl-(1H)-benz[e]ind0le, Example 6b, and 1.0 mL (9.8 mmol) of 1,4-bu- 
tanesultone followed by acid hydrolysis (Yield 90%). 

EXAMPLE 10c 

Preparation of 1 -(6-sulfonatobutyl)-6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium (Xc). 

[0057] The title compound was prepared according to the procedure of Example 9a from 2.5 g (7.1 mmol) of 6- 
(S0 2 NH-CH 2 -CH 2 -CH2-CH2-COO-t-butyl)-1,1,2-trimethyl-(1H)-benz[e]indole l Example 6c, and 1.0 mL (9.8 mmol) of 
1 ,4-butanesultone followed by acid hydrolysis (Yield 85%). 

EXAMPLE 10d 

Preparation of 1-(6-sulfonatobutyl)-6-(S0 2 N^ 
(Xd). 

[0058] The title compound was prepared according to the procedure of Example 9a from 2.8 g (7.1 mmol) of 6- 
(SOgNH-CH^CH^CHa-CHa-CH^COO-t-butyO-l.l^-trimethyl-flHJ-benzIelindole, Example 6d, and 1.0 mL (9.8 
mmol) of 1 ,4-butanesultone (Yield: 88%). 
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EXAMPLE 10e 

Preparation of 1 -(5-sulfonatobutyl)-6-(S0 2 NR-CH2-CH 2 -CH 2 -CH 2 -NH 2 )-1 , 1 f 2-trimethyl-(1 H)-benz[e]indolium (Xe). 

[0059] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 6- 
(SO 2 NR-CH 2 -CH 2 -CH 2 -CH 2 -NHCOCF 3 )-1,1 I 2-trimethyl-(1H)-benz[e]ind0le, Example 7a, and 1.0 ml_ (9.8 mmol) of 
1,4-butanesultone. (Yield: 80%). 

EXAMPLE 101 

Preparation of 1 -(6-sulfonatobutyl)-6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 ,1 ,2-trimethyl-(1 H)-benz[e] 
indolium (Xf). 

[0060] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 6- 
(SOgNH-CH^CH^CH^CH^CHg-CH^NHCOCFaJ-l.l^-trimethyl^lHJ-benzIelindole, Example 7b, and 1.0 mL (9.8 
mmol) of 1,4-butanesultone. (Yield: 67%). 

EXAMPLE 10g 

Preparation of 1-(6-sulfonatobutyl)-6-(S0 2 NR-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1,1,2-trimethyl-(1H)'benz[e] 
indolium (Xg). 

[0061] The title compound was prepared according to the procedure of Example 9a from 2.2 g (7.1 mmol) of 6- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OTHP)-2,3 ( 3-trimethyl-(3H)-benz[e]-indole, Example 8, and 1 .0 mL (9.8 mmol) 
of 1,4-butanesultone. (Yield: 3.0 g). 

EXAMPLE 11a 

Preparation of 2-{3'-[1 D -(5-sulfonatobutyl)-5 n -(S0 2 NH-CH 2 -C 
1'-yl)-1-(6-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (Xla) 

[0062] In a roun5-bottom flask equipped with a reflux condenser, a mixture of 300 mg (0.73 mmol) of 1 -(6-sulfona- 
tobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate (from Mujumdaretal., Bioconjugate Chemistry, 1993, 4, 105-11) and 
163 mg (0.83 mmol) of N.N'-diphenyl-formamidine in 2 mL of acetic acid was heated to reflux for 3 h. Acetic acid was 
evaporated in vacuo and the product triturated with a mixture of ethyl acetate amd water. The crude product was 
redissolved in acetic anhydride (2 mL) and pyridine (2 mL) mixture. 316 mg of 1-(5-sulfonatobutyl)-5-(S0 2 NH-CH 2 - 
COOH)-2,3,3-trimethyl-(3H)-indolium prepared in example 9a was added and mixture was heated at 110°C for 30 min. 
After cooling the dye was precipitated by addition of ethyl ether. The crude product was purified by Michel-Miller chro- 
matography on Lichroprep RP18, particle size 25-40 micron, using a mixture of methanol: water as eluent (Yield: 70%). 

EXAMPLE 11b 

Preparation of 2-{3'-[1 ■-(6-sulfonatobutyl)-5 B -(S0 2 NH-CH 2 -CH 2 -COOH)-3 B ,3 B -dimethyl-(3 ,, H)-indol-2"-ylidene]-1 
propen-1 *-yl}-1 -(8-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (Xlb). 

[0063] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
(S-sulfonatobutyO^.S.S-trimethyl-JSHJ-indolium-S-sulfonate and 326 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -COOH)-2,3 ( 3-trimethyl-(3H)-indolium from example 9b (Yield: 50%). 

EXAMPLE 11c 

Preparation of 2-{3'-[1 B -(8-sulfonatobutyl)-5 u -^ 

propen-r-yl}-1-(5-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (Xlc). 

[0064] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(8-suffonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 336 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9c (Yield: 30%). 
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EXAMPLE 11 d 

Preparation of 2-{3'-[1 '-(5-sultonatobutyl)-5"-(S0 2 N^^ 
indo!-2 n -ylidene]-1'-propen-1'-yl}-1-(5-sulfonatobutyl)-3,3-dimethy 

5 

[0065] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(8-sulfonatobutyl)-2,3,3 -trimethyl-(3H)-indolium-5-sulfonate and 357 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5-(S0 2 - 
NH-CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9d (Yield: 45%). 

io EXAMPLE 11e 

Preparation of 2-{3'-[1"-(8-sulfonatobuty^^ 

ylidenel-r-propen-V-ylJO-ja-sulfonatobutylJ-S.S-dimethyl^SHJ-indolium-S-sulfonate trifluoroacetate (Xle). 

75 [0066] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 409 mg (0.73 mmol) of 1 -(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3 ) 3-trimethyl-(3H)-indolium from example 9e (Yield; 30%). 

EXAMPLE 11f 

20 

Preparation of 2-{3'-[1"-(8-sutfonatobutyl^ 

2 u -ylidene]-1 *-propen-1 '-yl}-1 -(8-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate trifluoroacetate (Xlf). 

[0067] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1 - 
25 (8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 429 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 3 + )-2 l 3 > 3-trimethyl-(3H)-indolium trifluoroacetate from example 9f (Yield: 
35%). 

EXAMPLE 11g 

30 

Preparation of 2-{341"-(8-sulfonatobutyl)-5 B -(SO^ 

2"-ylidene]-1 '-propen-1 '-yl}-1 -(8-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (Xlg). 

[0068] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
35 (S-suffonatobutyO^.S.S-trimethyl^SHJ-indolium-S-sulfonate and 346 mg (0.73 mmol) of 1-(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)-indolium from example 9g (Yield: 70%). 

EXAMPLE 12a 

40 Preparation of 2-{5MV-(8-sulfonatobutyl)-5 B -(SO 

pentadien-1 '-yl}-1 -(8-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (Xlla). 

[0069] 300 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)Hndolium-5-sulfonate (from Mujumdar et al., 
Bioconjugate Chemistry, 1993, 4, 105-11) was dissolved in 1 .8 mL of acetic acid in a 25 mL round bottom flask, 845 

45 mg (6.4 mmol) of 1 ,3,3-trimethoxypropene was added under stirring. The reaction mixture was stirred at room temper- 
ature for 30 min. 10 mL of diethyl ether were added and the mixture was stirred for another 15 min and cooled in an 
ice bath. The supernatant was decanted and the residue was dissolved in a small amount of acetic acidAnethanol 
(50/50) under argon. Cold ether was added and the solution was cooled in an ice bath until a yellow precipitate formed. 
This precipitate was collected by filtration and washed with a small amount of cold ether. 

50 241 mg (0.50 mmol) of the precipitate was dissolved in 10 mL of methanol, after which 216 mg (0.50 mmol) of 1-(5- 
sulfonatobutyl)-5-(S0 2 NR-CH 2 -COOH)-2,3 I 3-trimethyl-(3H)-indoIium prepared in example 9a (0.50 mmol) and 1 20 mg 
(1 .22 mmol) of potassium acetate were added. A blue color formed at once. The mixture was stirrred at room temper- 
ature overnight and diluted with ethyl ether. A dark blue solid separated. The precipitate was collected, dissolved in 1 
M hydrochloric acid. The resulting solution was rotoevaporated to dryness. Traces of hydrochloric acid were removed 

55 by drying the residue in vacuo in the presence of solid KOH. Purification by Michel-Miller chromatography over Lichro- 
prep RP18 (25-40 micron, Merck, with methanol/water 60:40 as the eluent) afforded 345 mg (77%, calculated for the 
dipotassium salt) of intermediate dye (Xll-a-CI). The chlorine atom in the cyclohexene ring was removed by overnight 
stirring of the product in a small volume of a solution of sodium ethanethiolate in N,N«dimethylformamide. The title 
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compound isolated in essentially quantitative yield by ether precipitation. 
EXAMPLE 12b 

Preparation of 2-{5"-[1 B -(5-sulfonatobutyl)-5 0 -(S0 2 ^ ',3'- 
pentadienO'-ylJ-l-JS-sulfonatobutyO-S.S-dimethyl-tSHJ-indolium-S-sulfonate (Xllb). 

[0070] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
l-JS-sulfonatobutyO-a.^S-trimethyl^SHJ-indolium-S-sulfonate and 223 mg (0.5 mmol) of 1 -(6-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-ind0lium from example 9b (Yield: 55%). 

EXAMPLE 12c 

Preparation of 2-{5 B -[1^(8-sulfonatobutyl)-5"-(^^ 

r^'-pentadien-V-yO-l^a-sulfonatobutyO-aS-dimethyl^SHJ-indolium-S-sulfonate (Xllc). 

[0071] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
l-fa-sulfonatobutyO^.S.S-trimethyl^SHJ-indolium-S-sulfonate and 230 mg (0.5 mmol) of 1-(8-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH r COOH)-2,3,3-trimethyl-(3H)-ind0lium from example 9c (Yield: 67%). 

EXAMPLE 12d 

Preparation of 2-{5 0 -[1"-(5-sulfonatobutyl)-5 M -(SO 2 N^^ 

ylidene]-1\3'-pentadien-1 , -yl}0-(5-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium (Xlld). 

[0072] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 244 mg(0.5 mmol) of 1-(8-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-2 l 3 > 3-trimethyl-(3H)-ind0lium from example 9d (Yield: 80%). 

EXAMPLE 12e 

Preparation of 2-{541"-(5-sutfonatobutyl)-5 M -(S0 2 N^ 

ylidene]-1\3 , -pentadienO'-yl}-1-(8-sulfonatobutyl)-3 > 3-dimethyl-(3H)-indolium-5-sulfonate trifluoroacetate (Xlle). 

[0073] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 280 mg (0.5 mmol) of 1-(8-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH r CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-ind0lium trifluoroacetate from example 9e (Yield: 30%). 

EXAMPLE 12f 

Preparation of 2-{54l"-(8-sutfonatobutyl)-5"-(SO 

indol-2"-ylidene]-1 ,3'-pentadien-1 '-yl}-1 -(8-sulfonatobutyl)-3,3 -dimethyl-(3H)-indolium-5 -sulfonate trifluoroacetate 
(Xllf). 

[0074] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
l-fS-sulfonatobutylJ^.S.S-trimethyl^SHJ-indolium-S-sulfonate and 282 mg (0.5 mmol) of 1-(8-sulfonatobutyl-(S0 2 NH- 
CH 2 -CH 2 -CH 2 -CH 2 -CH 2 'CH r CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indolium trifluoroacetate from example 9f (Yield: 48%). 

EXAMPLE 12g 

Preparation of 2-{5 n -[1"-(8-sulfonatobutyl)-5"-(SO^ 

indol-2 B -ylidene]-1\3'-pentadien-V-y^ (||g). 

[0075] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 237 mg (0.5 mmol) of 1-(8-sulfonatobutyl-(S0 2 NH- 
CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)Hndolium from example 9g (Yield: 80%). 
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EXAMPLE 13a 

Preparation of 2-{7'-[1 "-(5-sutfonatobutyl)-5"-(S0 2 N^ 

(propane-1^3"'-diyl)-1\3\5'-heptatrien-1^ (Xllla). 

5 

[0076] 300 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate (from Mujumdar et aL, 
Bioconjugate Chemistry, 1993, 4, 105-11) was dissolved in 1.8 mL of acetic acid in a 25 mL round bottom flask. 298 
mg (0.83 mmol) of 5-phenylamino-2,4-trimethylene-2,4-pentadienylidene phenylammonium chloride was added under 
stirring. The reaction mixture was stirred at room temperature for 30 min. 10 mL of diethyl ether were added and the 
io mixture was stirred for another 1 5 min and cooled in an ice bath. The supernatant was decanted and the residue was 
dissolved in a small amount of acetic acid/methanol (50/50) under argon. Cold ether was added and the solution was 
cooled in an ice bath until a brown precipitate formed. This precipitate was collected by filtration and washed with a 
small amount of cold ether. 

322 mg (0.50 mmol) of the precipitate was dissolved in 10 mL of methanol, after which 216 mg (0.50 mmol) of 1-(d- 
15 sulfonatobutyl)-5-(S0 2 NH-CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium prepared in example 9a (0.50 mmol) and 1 20 mg 
(1.22 mmol) of potassium acetate were added. A blue color formed at once. The mixture was stirrred at room temper- 
ature overnight and diluted with ethyl ether. A dark blue solid separated. The precipitate was collected, dissolved in 1 
M hydrochloric acid. The resulting solution was rotoevaporated to dryness. Traces of hydrochloric acid were removed 
by drying the residue in vacuo in the presence of solid KOH. Purification by Michel-Miller chromatography over Lichro- 
20 prep RP18 (25-40 micron, Merck, with methanol/water 70:30 as the eluent) afforded a 30% yield of intermediate dye 
(XI I l-a-CI). The chlorine atom in the cyclohexene ring was removed by overnight stirring of the product in a small volume 
of a solution of sodium ethanethiolate in N, N-dimethy Iformamide. The title compound isolated in essentially quantitative 
yield by ether precipitation. 

25 EXAMPLE 13b 

Preparation of 2-{7'-[r-(d-sulfonatobutyl)-5 B -(SO^ 

(propane- r^'-diylH^^-hep^ (Xlllb). 

30 [0077] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
l-tS-sulfonatobutylJ^.S.S-trtmethyl^SHJ-indolium-S-sulfonate and 223 mg (0.5 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9b (Yield: 25%). 

EXAMPLE 13c 

35 

Preparation of 2-{7*-[1 '-(6-sulfonatobutyl)-5 0 -(SO 2 NH-CH 2 -CH 2 -CH 2 -COOH)-3 B ,^ 

3\5'-(propane-1 a \3 0, -diyl)-1\3\5'-h^ (Xlllc). 

[0078] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
40 l-tS-sulfonatobutylJ^^.S-trimethyl^HJ-indolium-S-sulfonate and 230 mg (0.5 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-2 > 3,3-trimethyl-(3H)-indolium from example 9c (Yield: 37%). 

EXAMPLE 13d 

45 Preparation of 2-{74l B -(S-sulfonatobutyl)-5 B -(S0 2 NH^ 
y I iden e]-3\ 5'-(propane- 1" \ 3 M, -diy I)- ^ 
5-sulfonate. 

[0079] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
50 1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 244 mg(0.5 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9d (Yield: 50%). 
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EXAMPLE 13e 

Preparation of 2-{7»-[1 B -(8-sultonatobutyl)-5"-(S0 2 N^ 

ylidene]-3\5'-(propane-r\3 m ^ 

5-sulfonate (XI Me). 

[0080] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 280 mg (0.5 mmol) of 1 -(5-sulfonatobutyl)-5- 
(S0 2 NR-CH 2 -CH2-CH 2 -CH 2 -NH 2 )-2 l 3 1 3-trimethyl-(3H)Hndolium from example 9e (Yield: 35%). 

EXAMPLE 13f 

Preparation of 2-{7'-[1"-(8-su!fonatobutyl)-5^ 
indol-2 ,, -ylidene]-3\5'-(propane-1 a \3^ 
5-sulfonate (Xlllf). 

[0081] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 282 mg (0.5 mmol) of 1-(5-sulfonatobutyl-(S0 2 NH- 
CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indolium from example 9f (Yield: 40%). 

EXAMPLE 13g 

Preparation of 2-{7'-[1 B -(5-sulfonatobutyl)-5^ 
indol^-ylidenel-^S^propane^"^ 
5-sulfonate (Xlllg). 

[0082] The title compound was prepared according to the procedure of Example 12a from 300 mg (0.73 mmol) of 
1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 237 mg (0.5 mmol) of 1-(5-sulfonatobutyl-(S0 2 NR- 
CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)-indolium from example 9g (Yield: 65%). 

EXAMPLE 14a 

Preparation of 2-{3 , -[3 B -(5-sulfonatobutyl)-6"-(S0 2 NH-CH 2 -COOH)-1 ",1 B -dimethyl-(1 "H)-benz[e]indol-2 ,, -ylidene]-1 '- 
propen-1'-yl}-3-(5-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XI Va). 

[0083] In a roun5-bottom flask equipped with a reflux condenser, a mixture of 338 mg (0.73 mmol) of 3-(5-sulfona- 
tobutyl)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate (from WO 97/1 381 0) and 163 mg (0.83 mmol) of N.N'-diphe- 
nyl-formamidine in 2 mL of acetic acid was heated to reflux for 3 h. Acetic acid was evaporated in vacuo and the product 
triturated with a mixture of ethyl acetate amd water. The crude product was redissolved in acetic anhydride (2 mL) and 
pyridine (2 mL) mixture. 352 mg (0.73 mmol) of 3-(6-sulfonatobutyl)-6-(S0 2 NR-CH 2 -COOH)-1 ,1 ,2-trimethyl-(1 H)-benz 
[e]indolium prepared in example 10a was added and mixture was heated at 110°C for 30 min. After cooling the dye 
was precipitated by addition of ethyl ether. The crude product was purified by Michel-Miller chromatography on Lichro- 
prep RP18, particle size 25-40 micron, using a mixture of methanol/water (70/30) as eluent (Yield: 46%). 

EXAMPLE 14b 

Preparation of 2-{3 , -[3 B -(6-sulfonatobutyl)-6 B -(S0 2 NR-CH 2 -CH 2 -COOH)-r ) r-dimethyl-( 1 B H)-benz[e]indol-2 u - 
ylidene]-1 '-propen-1 '-yl}-3-(5-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XlVb). 

[0084] The title compound was prepared according to the procedure of Example 11a from 338 mg (073 mmol) of 3- 
(S-sulfonatobutyl)-l , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 362 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indolium from example 10b (Yield: 40%). 
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EXAMPLE 14c 

Preparation of 2-{343"-(5-sutfonatobutyi)^^ 

ylidene]~1 '-propen-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XIVc). 

[0085] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmot) of 3- 
(8-sulfonatobutyl)-1 ,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 373 mg (0.73 mmol) of 3-(6-sulfonatobutyl)-6- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -COOH)-1 > 1,2-trimethyl-(1H)-benz[e]ind0lium from example 10c (Yield: 49%). 

EXAMPLE 14d 

Preparation of 2-{343"-(8-sutfonatobutyl)^ n -(SO 

indol-2 a -ylidene]-V-propen-V-yl}-3-(8-sulfonatobutyl)-1 ,1-dimethyl-(1 H)-bent[e]indolium-6-sulfonate (XI Vd). 

[0086] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyI)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 373 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH2-CH 2 -COOH)-1 I 1,2-trimethyl-(1H)-benz[e]indolium from example 10d (Yield: 34%). 

EXAMPLE 14e 

Preparation of 2-{3'-[3"-(5-suKonatobutyl^ 

ylidenel-V-propen-l'-ylJ-S^S-sulfonatobutyO-l.l-dimethyl-tlHJ-benzIelindolium-S-sulfonate (XI Ve). 

[0087] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 3- 
(5-surfonatobutyl)-1,1 t 2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 445 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 l 1 l 2-trimethyl-(1H)-benz[e]indolium trifluoroacetate from example 10e (Yield: 
30%). 

EXAMPLE 14f 

Preparation of 2-{3 , -[3"-(8-sulfonatobutyl)-6 ,, -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH r NH 2 )-1 n ,1 u -dimethyl-(1 "H)-benz 
[elindol^^ylidenel-V-propen-r-ylJ-S^^sulfonatobutyl)-! ,1-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XlVf). 

[0088] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 3- 
(S-sulfonatobutyO-IJ^-trimethyl-tlHJ-benzIelindolium-e-sulfonate and 465 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -CH 2 ^ example 10f (Yield: 45%). 

EXAMPLE 14g 

Preparation of 2-{3 , -[3 n -(8-sulfonatobutyl)-6 u -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1 1 "-dimethyl-(1 °H)-benz[e] 
indol-2 n -ylidene]-1'-propen-r-yl}-3-(5-sulfonatobutyl)-1J-dimethyl-(1H)-benz[e]indoli (XI Vg). 

[0089] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(8-surfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 383 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH2-OH)-1,1,2-trimethyl-(1H)-benz[e]ind0lium from example 10g (Yield: 47%). 

EXAMPLE 15a 

Preparation of 2-{5'-[3 B -(8-sulfonatobutyl)-6 n -(S0 2 NH-CH 2 -COOH)-1 M"-dimethyl-(1 "H)-benz[e]indol-2 n -ylidene]-1\3'- 
pentadien-1 '-yl}-3-(8-su1fonatobutyl)-1 ,1 -dimethyl-(1 H)-indolium-5-sulfonate (XVa). 

[0090] 338 mg (0.73 mmol) of 3-(S-sulfonatobutyl)-1 .l^-trimethyl^lHJ-benzIeJindolium-e-sulfonate (from WO 
97/13810) was dissolved in 1.8 mL of acetic acid in a 25 mL round bottom flask. 845 mg (6.4 mmol) of 1,3,3-trimeth- 
oxypropene was added under stirring. The reaction mixture was stirred at room temperature for 30 min. 10 mL of diethyl 
ether were added and the mixture was stirred for another 15 min and cooled in an ice bath. The supernatant was 
decanted and the residue was dissolved in a small amount of acetic acid/methanol (50/50) under argon. Cold ether 
was added and the solution was cooled in an ice bath until a yellow precipitate formed. This precipitate was collected 
by filtration and washed with a small amount of cold ether. 
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266 mg (0.50 mmol) of the precipitate was dissolved in 10 mL of methanol, after which 241 mg (0.50 mmol) of 3-(5- 
sulfonatobutyl)-6-(S0 2 NH-CH 2 -COOH)-1 l 1 f 2-trimethyl-(1H)-benz[e]indolium prepared in example 10a and 120 mg 
(1 .22 mmol) of potassium acetate were added. A blue color formed at once. The mixture was stirrred at room temper- 
ature overnight and diluted with ethyl ether. A dark blue solid separated. The precipitate was collected, dissolved in 
1 1 M hydrochloric acid. The resulting solution was rotoevaporated to dryness. Traces of hydrochloric acid were removed 
by drying the residue in vacuo in the presence of solid KOH. Purification by Michel-Miller chromatography over Lichro- 
prep RP18 (25-40 micron, Merck, with methanol/water 60:40 as the eluent) afforded a 73% of the title compound. 

EXAMPLE 15b 

Preparation of 2-{5'-[3"-(5-sulfonatobutyl)-6"-(S02NH-CH 2 -CH 2 -COOH)-1 ",1 n -dimethyl-(rH)-benz[e]indol-2 B - 
ylidene]-1 ',3'-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-indolium-5-su!fonate (XVb). 

[0091] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(5-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 248 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(SO 2 NH-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]ind0lium from example 10b (Yield: 67%). 

EXAMPLE 15c 

Preparation of 2-{5'-[3"-(5-sulfonatobutyl)-6 a -(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-1 1 n -dimethyl-(3 B H)-benz[e]indol-2 a - 
ylidene]- 1 ,3*-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 ,1-dimethyl-(1 H)-indolium-5-sulfonate (XVc). 

[0092] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 

5- fS-sulfonatobutylJ-l.l^-trimethyl-tlHJ-benzfeJindolium-e-sulfonate and 255 mg (0.5 mmol) of 3-(6-sulfonatobutyl)- 

6- (S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium from example 10c (Yield: 55%). 

EXAMPLE 15d 

Preparation of 2-{5 , -[3 M -(8-sulfonatobutyl)-6 0 -(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 1 B -dimethyl-( n H)-benz[e] 
indol-2"-ylidene]-1 \3'-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-indolium-5-sulfonate (XVd). 

[0093] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) 3- 
(S-sulfonatobutylJ-l.l^-trimethyl^lHJ-benzfelindolium-e-sulfonate and 269 mg (0.5 mmol) of 3-(5-sulfonatobutyl)-6- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]ind0lium from example 10d (Yield: 47%). 

EXAMPLE 15e 

Preparation of 2-{5 , -[3 B -(5-sulfonatobutyl)-6 B -(S0 2 NH-CH 2 -CH r CH 2 -CH 2 -NH 2 )-1 M ,1 B -dimethyl-(1 "H)-benz[e]indol-2"- 
ylidene]- r^'-pentadien-r-ylJ-S-fS-sulfonatobutyO-l.l-dimethyl-tlHJ-indolium-S-sulfonate (XVe). 

[0094] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(5-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 305 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(S0 2 NH-CH r CH 2 -CH 2 -CH 2 -NH 2 )-1,1,2-trimethyl-(1H)-benz[e]indolium from example 10e (Yield: 60%). 

EXAMPLE 15f 

Preparation of 2-{5 , -[3"-(6-sulfonatobutyl)-6"-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 1 "-dimethyl-(1 °H)-benz 
[e]indol-2°-ylidene]-1 \3'-pentadien-1 '-yl}-3-(5-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-indolium-5-sulfonate (XVf ). 

[0095] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(6-suIfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 319 mg (0.5 mmol) of 3-(5-sulfonatobutyl)- 
6-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium trifluoroacetate from example 1 0f 
(Yield: 79%). 



18 



EP 1 065 250 A1 



EXAMPLE 15g 

Preparation of 2-{5"-[3 c -(8-sulfonatobutyl)-6 B -(SO^ 

[e]indol-2"-ylidene]-1 \3'-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indoIium-6-sulfonate (XVg). 

[0096] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 262 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(S0 2 NH-CH 2 -CH2-CH 2 -CH2-CH 2 -CH 2 -OH)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium trifluoroacetate from example 10g 
(Yield: 59%). 

EXAMPLE 16a 

Preparation of 2- {7 , -[3 n -(5-sulfonatobutyl)-5"-(S0 2 NH-CH 2 -COOH)-1 M B -dimethyl-(1 "HJ-benztelindol^'-ylidenel-S', 
5'-(propane-1 B, ,3 B, -diyl)-1 '.S'.S'-heptatrien-l '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate 
(XVIa). 

[0097] 338 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-1 ,1,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate (from WO 
97/1 3810) was dissolved in 1 .8 mL of acetic acid in a 25 mL round bottom flask. 298 mg (0.83 mmol) of 5-phenylamino- 
2 1 4-trimethylene-2,4-pentadienylidene phenylammonium chloride was added under stirring. The reaction mixture was 
stirred at room temperature for 30 min. 10 mL of diethyl ether were added and the mixture was stirred for another 15 
min and cooled in an ice bath. The supernatant was decanted and the residue was dissolved in a small amount of 
acetic acid/methanol (50/50) under argon. Cold ether was added and the solution was cooled in an ice bath until a 
brown precipitate formed. This precipitate was collected by filtration and washed with a small amount of cold ether. 
322 mg (0.50 mmol) of the precipitate was dissolved in 10 mL of methanol, after which 241 mg (0.50 mmol) of 3-(8- 
sulfonatobutyl)-6-(S0 2 NH-CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indolium prepared in example 10a and 120 mg 
(1 .22 mmol) of potassium acetate were added. A blue color formed at once. The mixture was stirrred at room temper- 
ature overnight and diluted with ethyl ether. A dark blue solid separated. The precipitate was collected, dissolved in 
1 1 M hydrochloric acid. The resulting solution was rotoevaporated to dryness. Traces of hydrochloric acid were removed 
by drying the residue in vacuo in the presence of solid KOH. Purification by Michel-Miller chromatography over Lichro- 
prep RP1 8 (25-40 micron, Merck, with methanol/water 70:30 as the eluent) afforded a 30% yield of of the title compound. 

EXAMPLE 16b 

Preparation of 2-{7'-[3"-(8-sulfonatobutyl)-6 0 -(S0 2 NH-CH 2 -CH 2 -COOH)-1 M n -dimethyl-(1 B H)-benz[e]indol-2 B - 
ylidene]-3',5 , -(propane 1 B \3 B, -diyl)-1\3\5Mneptatrien^^ 
6-sulfonate (XVI b). 

[0098] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 ,1 ,2-trimethyl-(IH)-benz[e]indolium-6-sulfonate and 248 mg (0.5 mmol) of 3-(8-sulfonatobutyl)-6- 
(SO 2 NH-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]ind0lium from example 10b (Yield: 36%). 

EXAMPLE 16c 

Preparation of 2-{7 , -[3 B -(8-sulfonatobutyl)-6"-(S0 2 NH-CH 2 -CH 2 -CH2-COOH)-1 B ,1 B -dimethyl-(1 B H)-benz[e]indol-2 B - 

ylidene]-3\5'-(propane-1 B \3 B, <%l)-1\3\^ 

6-sulfonate (XVIc). 

[0099] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 

5- tS-sulfonatobutylJ-U^-trimethyl-flHJ-benzIeJindolium-e-sulfonate and 255 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 

6- (SO 2 NH-CH 2 -CH 2 -CH 2 -C00H)-1 p 1,2-trimethyl-(1H)-benz[e]indolium from example 10c (Yield: 89%). 

EXAMPLE 16d 

Preparation of 2-{7'-[3"-(8-sulfonatobutyl)-6 B -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 M B -dimethyl-(1 B H)-benz[e] 

indol-2 B -ylidene]-3\5'-(propane-1"\3 B, -diyl)-1^^ 

indolium-6-sulfonate (XVId). 

[0100] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
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3-(6-sulfonatobutyl)-1,1,2-trimethyl-(1H)«benz[e]indolium-6-sulfonate and 269 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(S0 2 NH-CH2-CH 2 -CH2-CH 2 -CH 2 -COOH)-1 ,1 ( 2-trimethyl-(1H)-benz[e]indolium from example 10d (Yield: 41%). 

EXAMPLE 16e 

Preparation of 2-{7'-[3"-(5-sulfonatobutyl)-6 ,, -(S0 2 NR-CH 2 -CH 2 -CH2-CH 2 -NH 2 )-1 M ,r-dimethyl-(1 "H)-benz[e]indol-2 B - 
ylidene]-3',5'-(propane-1 3 B, -diyl)-1 \3\5'-heptatrien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e] indolium- 
6-sulfonate (XVle). 

[0101] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 

5- fS-sulfonatobutylJ-l.l^-trimethyl^lHJ'benzIelindolium-S-sulfonate and 305 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 

6- (S0 2 NH-CH 2 -CH 2 -CH2-CH 2 -NH 2 )-1,1,2-trimethyl-(1H)-benz[e]indolium trifluoroacetate from example 10e (Yield: 
30%). 

EXAMPLE 16f 

Preparation of 2-{7'-[3"-(6-sutfonatobutyl)-6 ,, -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 M"-dimethyl-(1 n H)- 

benz[e]indol-2"-ylidene]-3\5'-(propane 

benz[e]indolium-6-sulfonate (XVIf) 

[0102] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
3-(5-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 319 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 3 + )-1,1 l 2-trimethyl-(1H)-benz[e]ind0lium trifluoroacetate from example 
10f (Yield: 45%). 

EXAMPLE 16g 

Preparation of 2-{7 , -[3"-(8-sulfonatobutyl)-€"-(S0 2 NH-CH r CH 2 -CH 2 -CH r CH 2 -CH 2 -CH 2 -OH)-1 ",1 "-dim ethyl- (1 "H)- 
benz[e]indol-2"-ylidene]-3',5 , -(propane-1 "',3"'-diyl)-1 '.S'.S'-heptatrien-l '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)- 
benz[e]indolium-6-sulfonate (XVIg). 

[0103] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 
S^S-sulfonatobutyO-l.l^-trimethyl^lHJ-benzIeJindolium-e-sulfonate and 262 mg (0.5 mmol) of 3-(8-sulfonatobutyl)- 
6-(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1 l 1,2-trimethyl-(1H)-benz[e]ind0lium from example 10g (Yield: 70%). 

EXAMPLE 17a 

Preparation of 2-{3'-[3"-(8-sulfonatobutyl)-5'-(^^ 

1 '-yl}-3-(8-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVIIa) 

[0104] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1,1,2-trimethyl-(IH)-benz[e]indolium-6-sulfonate and 316 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -COOH)-2,3 ) 3-trimethyl-(3H)-indolium from example 9a (Yield: 40%). 

EXAMPLE 17b 

Preparation of 2-{3'-[1'-(8-sutfonatobutyl)-5 n -(S^^ 

propen-V-ylJ-S-JS-sulfonatobutylJ-IJ-dimethyl-flHJ-benztelindolium-e-sulfonate (XVIIb). 

[01 05] The title compound was prepared according to the procedure of Example 1 1 a from 338 mg (0.73 mmol) of 3- 
(8-sutfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 326 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(SO^H-CHg-CH^COOHJ^.S.S-trimethyl^SHJ-indolium from example 9b (Yield: 55%). 
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EXAMPLE 17c 

Preparation of 2-{3"-[1"-(5-sulfonatobu^ 

V-propen-1'-yl}-3-(5-sulfonatobutyl)-1 J-dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVIIc). 

[0106] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(6-sulfonatobutyl)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 336 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-2,3 ) 3-trimethyl-(3H)-indolium from example 9c (Yield: 37%). 

EXAMPLE 17d 

Preparation of 2-{3'-[r-(8-sutfonatobutyl)-5 a -(S0 2 ^^ 

indol-2 B -ylidene]-V-propen-r^ (XVIId). 

[0107] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(5-sulfonatobutyl)-1 ( 1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 357 mg (0.73 mmol) of 1-(8-sulfonatobutyl)-5- 
(SO^NH-CH^CHa-C^-CH^CHg-COOHJ^.S.S-trimethyl^SHJ-indolium from example 9d (Yield: 35%). 

EXAMPLE 17e 

Preparation of 2-{34r-($-sutfonatobutyl)-5"-(S0 2 ^^ 

ylidene]-1 '-propen-1 '-yl}-3-(5-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVI le). 

[0108] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(5-sulfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 409 mg (0.73 mmol) of 1 -(5-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2 > 3,3-trimethyl-(3H)-ind0lium from example 9e (Yield: 38%). 

EXAMPLE 17f 

Preparation of 2-{3'-[1"-(8-sulfonatobutyl^^ 

2 , -ylidene]-1^propen-1'-y1}-3-(5-sulfonatobutyl)-1,1-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XVIIf). 

[0109] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(6-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 429 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indolium trifluoroacetate from example 9f (Yield: 
45%). 

EXAMPLE 17g 

Preparation of 2-{3 , -[1"-(8-sulfonatobutyl)-5 B -(^ 

2"-ylidene]-1 '-propen-1 '-yl}-3-(8-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVIIg). 

[0110] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(5-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)-indolium from example 9g (Yield: 78%). 

EXAMPLE 18a 

Preparation of 2-{5 , -[r-(5-sulfonatobutyl)-5"-(S0 2 NH-CH 2 -COOH)-3^3 0 -dimethyl-(3 ,, H)-indol-2 n -ylidene]-1^3 , - 
pentadien-1'-yl}-3-(5-sulfonatobutyl)-1,1-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XVIIIa). 

[0111] The title compound was prepared according to the procedure of Example 1 2a from 338 mg (0.73 mmol) of 3- 
(5-sutfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 31 6 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9a (Yield: 45%). 
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EXAMPLE 18b 

Preparation of 2-{5'-[1 "-(8-sulfonatobutyl)-5"-(S0 2 NH-C^ ',3'- 
pentadien-V-yl}-3-(8-sulfonatobutyl)-1 J-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XVIIIb). 

[0112] The title compound was prepared according to the procedure of Example 1 2a from 338 mg (0.73 mmol) of 3- 
(6-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 326 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-ind0lium from example 9b (Yield: 53%). 

EXAMPLE 18c 

Preparation of 2-{5'-[1 "-(5-sulfonatobutyl)-5 M -(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-3^3 B <limethyl-(3 n H)-indol-2"-ylidene]- 
1 \3'-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVIIIc). 

[0113] The title compound was prepared according to the procedure of Example 1 2a from 338 mg (0.73 mmol) of 3- 
(5-suIfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 336 mg (0.73 mmol) of 1-(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9c (Yield: 47%). 

EXAMPLE 18d 

Preparation of 2-{5 , -[1'-(5-sulfonatobutyl)-5^ 

indol-2 ,, -ylidene]-r i 3 , -pentadien-1 , -yl}-3-(8-sulfonatobutyl)-1 ,1-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XVIIId). 

[0114] The title compound was prepared according to the procedure of Example 1 2a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 357 mg (0.73 mmol) of 1 -(5-sulfonatobutyl)-5- 
(S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9d (Yield: 44%). 

EXAMPLE 18e 

Preparation of 2-{5 u -[1"-(5-sulfonatobutyl)-5 D -(^^ 

ylidenel-l'.S'-pentadien-l'-ylJ-S^a-sulfonatobutyO-l ,1-dimethyl-(1H)-benz[e]indolium-6-sulfonate (XVIIIe). 

[01 1 5] The title compound was prepared according to the procedure of Example 1 2a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 409 mg (0.73 mmol) of 1-(8-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3 I 3-trimethyl-(3H).ind0lium from example 9e (Yield: 42%). 

EXAMPLE 18f 

Preparation of 2-{5"-[1"-(8-sulfonatobutyl)^ 

2 u -ylidene]-1 \3'-pentadien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate (XVI llf). 

[0116] The title compound was prepared according to the procedure of Example 11a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1 ( 1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 429 mg (0.73 mmol) of 1-(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indolium trifluoroacetate from example 9f (Yield: 
34%). 

EXAMPLE 18g 

Preparation of 2-{541"-(8-sulfonatobutyl)-5 tt ^ 

2 n -ylidene]-1\3'-pentadien-1^yl}-3-(8-sulfonatobutyl)-1 > 1<iimethyl-(1H^ (XVlllg). 

[0117] The title compound was prepared according to the procedure of Example 12a from 338 mg (0.73 mmol) of 3- 
(8-suffonatobutyl)-1 ,1 ,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2 > 3 l 3-trimethyl-(3H)-indolium from example 9g (Yield: 67%). 
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EXAMPLE 19a 

Preparation of 2-{741"-(8-sulfonatobutyl)^ 

(propane-1 n, ,3 B, -diyl)-1',3\5'-h©ptatrien-1 '-yl}-3-(8-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-benz[e]indolium-6-surfonate 
(XlXa). 

[01 1 8] The title compound was prepared according to the procedure of Example 1 3a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 31 6 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(S02NH-CH 2 -COOH)-2,3,3-trimethyl-(3H)-indolium from example 9a (Yield: 36%). 

EXAMPLE 19b 

Preparation of 2-{741"-(8-sulfonatobutyl)-5 B -(S0 2 ^ 

(propane-1 n, p 3 p, -diyl)-1 '^'.S'-heptatrien-l , -yl}-3-(6-sulfonatobutyl)-1 ,1 -dimethyl-(1 H)-benz[e]indolium-6-sulfonate 
(XlXb). 

[01 1 9] The title compound was prepared according to the procedure of Example 1 3a from 338 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 326 mg (0.73 mmol) of 1-(5>sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -COOH)-2,3 I 3-trimethyl-(3H)-ind0lium from example 9b (Yield: 33%). 

EXAMPLE 19c 

Preparation of 2-{7'-[1 '-(5-sulfonatobutyl)-5 n -(S0 2 NH^^ 

S'.S'-fpropane-r'.S-'-diyO-r.S'.S'-heptatrien-V-ylJ-S^a-sulfonatobutylJ-l ,1-dimethyl-(1H)-benz[e]indolium-6-suffonate 
(XIXc). 

[0120] The title compound was prepared according to the procedure of Example 13a from 338 mg (0.73 mmol) of 
S-fS-sulfonatobutyO-l.l^-trimethyl^lHJ-benztelindolium-e-sulfonate and 336 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)- 
5-(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-2,3 1 3-trimethyl-(3H)-indolium from example 9c (Yield: 41 %). 

EXAMPLE 19d 

Preparation of 2-{741 D -(5-sutfonatobutyl)-5"-(SO 
indol-2 n -ylidene]-3\5^propane-1^3"'-diyl)-r,^^^ 
indolium-6-sulfonate (XlXd). 

[0121] The title compound was prepared according to the procedure of Example 13a from 338 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 357 mg (0.73 mmol) of 1 -(6-sulfonatobutyl)- 

5- (SO 2 -NH-CH 2 -CH 2 -CH2-CH r CH 2 -COOH)-2,3 ( 3-trimethyl-(3H)-ind0lium from example 9d (Yield: 22%). 

EXAMPLE 19e 

Preparation of 2-{7'-[r-(5-sutfonatobutyl)-5"-(S0 2 

ylidene]-3\5'-(propane-1 B, ,3"'-diyl)-1 \3\5'-heptatrien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium- 

6- sulfonate (XIXe). 

[0122] The title compound was prepared according to the procedure of Example 13a from 338 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 ,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 409 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)- 
5-(S0 2 NH-CH r CH 2 -CH 2 -CH 2 -NH 2 )-2,3 1 3-trimethyl-(3H)-indolium from example 9e (Yield: 35%). 

EXAMPLE 19f 

Preparation of 2-{7'-[r-(8-sutfonatobutyl)-5°-^^ 
2'-ylidene]-3\5^(propane-1 ^3"^^ 
indolium-6-sulfonate (XlXf). 

[0123] The title compound was prepared according to the procedure of Example 13a from 338 mg (0.73 mmol) of 
3-(8-suifonatobutyl)-1,1 I 2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 429 mg (0.73 mmol) of 1-(8-sulfonatobutyl)- 
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5- (S0 2 NR-CH2-CH 2 -CH 2 -CH 2 -CH 2 -CH2-NH2)-2 l 3 > 3-trimethyl-(3H)-indolium trifluoroacetate from example 9f (Yield: 
32%). 

EXAMPLE 19g 

Preparation of 2-{741"-(8-suffonatobutyl)-5 M -(S0 2 ^ 

2"-ylidene]-3\5 , -(propane-1 "\3 B, -diyl)-1 \3\5'-heptatrien-1 '-yl}-3-(8-sutfonatobutyl)-1 , 1 -dimethyl-(1 H)-benz[e]indolium- 

6- sulfonate (XlXg). 

[0124] The title compound was prepared according to the procedure of Example 13a from 338 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1 -(5-sulfonatobutyl)- 
5-(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2 1 3 1 3-trimethyl-(3H)-indoliumfrom example 9g (Yield: 33%). 

EXAMPLE 20a 

Preparation of 2-{341 D -(5-suffonatobutyl)^^^ 

propen-V-ylJ-I^S-sulfonatobutyO-^S-dimethyl^SHJ-indolium-S-sulfonate (XXa). 

[0125] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -COOH)-1 > 1 l 2-trimethyl-(1H)-benz[e]indolium prepared in example 10a (Yield: 30%). 

EXAMPLE 20b 

Preparation of 2-{3'-[1 "-(6-sulfonatobutyl)-€ u -(S0 2 NH-CH 2 -CH 2 -COOH)-1M M -dimethyl-(1 n H-benz[e]indol-2 B -ylidene]- 
V-propen-1'-yl}-1-(8-sulfonatobutyl)-3,3*dimethyl-(3H)-indolium-5-sulfonate (XXb). 

[0126] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
(S-sulfonatobutyO^.S.S-trimethyl-fSHJ-indolium-S-sulfonate and 352 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NR-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indolium prepared in example 10b (Yield: 33%). 

EXAMPLE 20c 

Preparation of 2-{3'-[1 "'(5-sulfonatobutyl)-6 u -(S0 2 NH-CH 2 -CH 2 -CH r COOH)-1 1 "-dimethyl-(1 "H)-benz[e]indol-2"- 
ylidenel-V-propen-V-ylJ-l-JS-sulfonatobutylJ-S.S-dimethyl^SHJ-indolium-S-sulfonate (XXc). 

[0127] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1 - 
(S-sulfonatobutylJ^.S.S-trimethyl^SHJ-indolium-S-sulfonate and 352 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-1 l 1 l 2-trimethyl-(1H)-benz[e]indolium prepared in example 10c (Yield: 39%). 

EXAMPLE 20d 

Preparation of 2-{3'-[1 •-(8-sulfonatobutyl)-6°-( S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH r COOH)-1 1 n -dimethyl-(1 B H)-benz[e] 
indol-2"-ylidene]-1 '-propen-1 '-yl}-1 -(5-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (XXd). 

[0128] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
(S-sulfonatobutyO^.S^-trimethyl^SHJ-indolium-S-sulfonate and 352 mg (0.73 mmol) and 357 mg (0.73 mmol) of 3-(6- 
sulfonatobutyl)-6-(S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 .l^-trimethyl-JIHJ-benzIelindolium from example 10d 
(Yield: 43%). 

EXAMPLE 20e 

Preparation of 2-{34r-(8-sulfonatobutyl)^^ 

ytidene]0'-propen-1'-yl}-1-(5-sulfonatobutyl)-3,3<limethyl-(3H)Hndolium-5-sulfonate (XXe). 

[0129] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1 - 
(6-suffonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 409 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6-(S0 2 - 
NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1,1,2-trimethyl-(11 H)-benz[e]indolium from example 10e (Yield: 33%). 
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EXAMPLE 20f 

Preparation of 2-{3'-[1 "-(5-sulfonatobutyl)-6 ,, -(S02NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH3 + )-1 ",1 °-dimethyi-(1 B H)-benz 
[elindol^'-ylidenel-r-propen-V-ylJ-a^S-sulfonatobutyO-l ,1 -dimethyl-(1H)-indolium-6-sulfonate (XXf), 

[01 30] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 3- 
(S-sutfonatobutylJ-l.l^-trimethyl^lHJ-benzfelindolium-e-sulfonate and 429 mg (0.73 mmol) of V(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 3 + )-2 1 3 l 3-trimethyl-(3H)-indolium trifluoroacetate from example 1 0f (Yield: 
45%). 

EXAMPLE 20g 

Preparation of 2-{3'-[1 M -(8-sulfonatobutyl)-6 B -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1 1 a -dimethyl-(1 "H)-benz[e] 
indol^^ylidenel-l'-propen-l'-ylJ-S-fS-sulfonatobutyO-l ,1-dimethyl-(1H)-indoiium-6-sulfonate (XXg). 

[0131] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 3- 
(5-sulfonatobutyl)-1,1,2-trimethyl-(1H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1 -(5-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH r CH 2 -CH 2 -CH 2 -OH)-2 J 3,3-trimethyl-(3H)-indolium from example 10g (Yield: 78%). 

EXAMPLE 21a 

Preparation of 2-{5 , -[3 B -(8-sulfonatobutyl)-6 ,, -(S0 2 NH-CH 2 -COOH)-1 1 "-dimethyl-( 1 B H)-benz[e]indol-2°-ylidene]- 1 \ 
3'-pentadien-1 '-yl}-1 -(6-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (XXIa). 

[01 32] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1 - 
(5-sulfonatobutyl)-2 f 3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(SO^H-CH^COOHJ-IJ^-trimethyl-JIH^benzIeJindolium prepared in example 10a (Yield: 27%). 

EXAMPLE 21b 

Preparation of 2-{5 , -[3 n -(5-surfonatobutyl)-6 H -(S0 2 NH-CH 2 -CH r COOH)-1 M n -dimethyl-(1"H)-benz[e]indol-2"- 
ylidenelO'.S'-pentadien-r-ylJ-I^S-sulfonatobutyO-^S-dimethyl^SHJ-indolium-S-sulfonate (XXIb). 

[01 33] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(5-sulfonatobutyl)-2,3 l 3-trimethyl-(3H)-indolium-5-sutfonate and 352 mg (0.73 mmol) of 3-(5-sulfonatobutyl)-6- 
(S0 2 NH-CH 2 -CH 2 -COOH)-1,1,2-trimethyl-(1H)-benz[e]indolium prepared in example 10b (Yield: 36%). 

EXAMPLE 21c 

Preparation of 2-{5 , -[3 8 -(5-sulfonatobutyl)-(6"-(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-1 1 °-dimethyl-(1 n H)-benz[e]indol>2"- 
ylidenel-r.S'-pentadien-V-yll-I^S-sulfonatobutyO-S.S-dimethyl^SHJ-indolium-S-sulfonate (XXIc). 

[0134] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1- 
(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) of 3-(§-sulfonatobutyl)-6- 
(SO^H-CH^CH^CH^OOHJ-l.l^-trimethyl^lHJ-benztelindolium prepared in example 10c (Yield: 39%). 

EXAMPLE 21d 

Preparation of 2-{5 , -[3 n -(8-sulfonatobutyi)-(6 M -(S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 M M -dimethyl-(1 "H)-benz[e] 
indol-2'-ylidene]-1 \3'-pentadien-1 '-yl}-1 -(5-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate (XXId). 

[01 35] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 1 - 
(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) and 357 mg (0.73 mmol) of 3- 
(8-sulfonatobutyl)-6-(S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium from example 
10d (Yield: 48%). 



25 



EP 1 065 250 A1 

EXAMPLE 21 e 

Preparation of 2-{5 , -[r-(8-sulfonatobutyl)-6 u -(S02NR-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 M n -dimethyl-(1"H)-benz[e]indol-2 B - 
ylidene]-1\3'-pentadien-V-yl}-1^ (XXIe). 

[01 36] The title compound was prepared according to the procedure of Example 1 1 a from 300 mg (0.73 mmol) of 1 - 
(6-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 409 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6-(SO r 
NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 ,1 ,2-trimethyl-(1H)-benz[e]indolium from example 10e (Yield: 30%). 

EXAMPLE 21f 

Preparation of 2-{5 n -[r-(8-sulfonatobutyl)^ M -(S^ 

[e]indol-2"-ylidene]-1 ',3'-pentadien-1 '-yl}-3-(8«sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-indolium-6-sulfonate (XXIf). 

[0137] The title compound was prepared according to the procedure of Example 11 a from 300 mg (0.73 mmol) of 3- 
(S-sulfonatobutylJ-l.l^-trimethyl-flHJ-benzIeJindolium-e-sulfonate and 429 mg (0.73 mmol) of 1-(6-sulfonatobutyl)-5- 
(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3,3-trimethyl-(3H)-indolium trifluoroacetate from example 10f (Yield: 
45%). 

EXAMPLE 21 g 

Preparation of 2-{5'-[1 n -(6-su!fonatobutyl)-6 n -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH r CH 2 -CH 2 -OH)-1 M B -dimethyl-(1 "H)-benz[e] 
indol^^ylidenel-r.S'-pentadien-V-yO-S^a-sulfonatobutyO-l ,1<iimethyl-(1H)-indolium-6-sulfonate (XXIg). 

[01 38] The title compound was prepared according to the procedure of Example 11a from 300 mg (0.73 mmol) of 3- 
(8-sutfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)-5- 
(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH r OH)-2,3,3-trimethyl-(3H)-ind0lium from example 10g (Yield: 56%). 

EXAMPLE 22a 

Preparation of 2-{7'-[3"-(8-sulfonatobutyl)-6 n -(S0 2 NH-CH 2 -COOH)-1 ",1 "-dimethyl-(1 B H)-benz[e]indol-2°-ylidene]- 3', 
5 , -(propane-r\3 u, -diyl)-1\3\5'-heptatrien-1 , -yl}-1-(8-sulfonatobutyl)-3 > 3-dimethyl-^ (XXIIa). 

[0139] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
1-(8-sulfonatobutyl)-2,3 t 3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6- 
(SO^H-CH^COOHJ-l.l^-trimethyl-tlHJ-benzIeJindolium prepared in example 10a (Yield: 14%). 

EXAMPLE 22b 

Preparation of 2-{7 , -[3 a -(8-sulfonatobutyl)-6 B -(S0 2 NH-CH 2 -CH 2 -COOH)-1 M p -dimethyl-(rH)-benz[e]indo!-2 B - 
ylidene]-3 , l 5 , -(propane*1 B, ,3"'-diyl)- I.S'.S'-heptatrien-l'-ylJ-I^S-sulfonatobutyO-S.S-dimethyl-CSHJ-indolium- 
5-sulfonate (XXIIb). 

[0140] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
I^S-sulfonatobutylJ^.S.S-trimethyl^SHJ-indolium-S-sulfonate and 352 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6- 
(SO^H-CH^CH^OOHJ-l.l^-trimethyl-JIHJ-benzIelindolium prepared in example 10b (Yield: 25%). 

EXAMPLE 22c 

Preparation of 2-{7 , -[3 B -(8-sulfonatobutyl)-6 M -(S0 2 NH-CH 2 -CH 2 -CH 2 -COOH)-r l 1 ,, -dimethyl-(1 M H)-benz[e]indol-2 B - 

ylidene]-3\5 , -(propaneO B \3 B, -diyl)-1\^^ 

5-sulfonate (XXI Ic). 

[0141] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
1-(8-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6- 
(S0 2 NH.CH 2 -CH 2 -CH 2 -COOH)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium prepared in example 1 0c (Yield: 23%). 
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EXAMPLE 22d 

Preparation of 2-{7 , -[3 B -(8-sulfonatobutyl)-6 B -( S0 2 -NH-CH 2 -CH2-CH 2 -CH 2 -CH2-COOH)-1 B ,1 B -dimethyl-(1°H)-benz[e] 

indol-2 n -ylidene]-3\5'-(propane-r^ 

5-sulfonate (XXIId). 

[0142] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
1-(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 352 mg (0.73 mmol) and 357 mg (0.73 mmol) of 3- 
(8-sutfonatobutyl)-6-(S0 2 -NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium from example 
10d (Yield: 28%). 

EXAMPLE 22e 

Preparation of 2-{7'-[1 B -(5-sulfonatobutyl)^6 B -(S0 2 NR-CH r CH 2 -CH 2 -CH 2 -NH 2 )-1 M n -dimethyl-(1 B H)-benz[e]indol-2 B - 
ylidenej-3',5'-(propane- 1 B \3" , -diyl)-1\3\5'-heptatrien-1 , -yl)-1-(5-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium- 
5-sulfonate (XXIIe). 

[0143] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
1 -(5-sulfonatobutyl)-2,3,3-trimethyl-(3H)-indolium-5-sulfonate and 409 mg (0.73 mmol) of 3-(8-sulfonatobutyl)-6-(S0 2 - 
NH-CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium from example 1 0e (Yield: 20%). 

EXAMPLE 22f 

Preparation of 2-{7'-[1 B -(6-sulfonatobutyl)-6 B -(S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-1 B , 1 B -dimethyl-(1 B H)-benz 
[e]indol-2"-ylidene]-3 , ,5 , -(propane-1 "'^•'-diylj-l '.S'^'-heptatrien-l '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)- 
indolium-6-sulfonate (XXI If). 

[0144] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 , 1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 429 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)- 

5- (S0 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -NH 2 )-2,3 > 3-trimethyl-(3H)-indolium trifluoroacetate from example lOf (Yield: 
65%). 

EXAMPLE 22g 

Preparation of 2-{7'-[1 B -(8-sulfonatobutyl)-6 u -(S0 2 NR-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-1 B , 1 B -dimethyl-(1 °H)-benz[e] 
indol-2 B -ylidene]-3\5'-(propane-1 B ',3"-diyl)-1 \3\5'-heptatrien-1 '-yl}-3-(8-sulfonatobutyl)-1 , 1 -dimethyl-(1 H)-indolium- 

6- sulfonate (XXIIg). 

[0145] The title compound was prepared according to the procedure of Example 13a from 300 mg (0.73 mmol) of 
3-(8-sulfonatobutyl)-1 ,1 ,2-trimethyl-(1 H)-benz[e]indolium-6-sulfonate and 346 mg (0.73 mmol) of 1 -(8-sulfonatobutyl)- 
5-(SO 2 NH-CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -OH)-2,3,3-trimethyl-(3H)-ind0lium from example 10g (Yield: 53%). 

EXAMPLE 23 

General Procedure for the Preparation of Succinimidyl Esters of the Dyes with a -SO^NH(CH) n COOH linker arm 

[0146] The following procedure describes the preparation of succinimidyl esters of the dyes with a (N-carboxyalkyl) 
sulfamoyl linker arm -S0 2 NH(CH) n COOH. 

[0147] 0.5 mot of a cyanine dye bearing an -S0 2 NH(CH) n COOH linker arm, prepared as shown in Examples 11a- 
d-22a-d, 83.9 mg (1 .5 mmol) ofN-hydroxysuccinimide, and 100 mg (1 .5 mmol) of dicyclohexylcarbodiimide (DCC) were 
dissolved in 10 mL of dry acetonitrile. After being stirred overnight, the reaction mixture was filtered to remove dicy- 
clohexylurea. Acetonitrile was evaporated at room temperature. After trituration with 50 mL of ethyl acetate, the residue 
was dissolved in a minimal amount of dry acetonitrile and repricipitated by the addition of diethyl ether. 
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EXAMPLE 24 

General Procedure for the Preparation of Phosphoramidites of the Dyes with a -S0 2 NH(CH 2 ) 6 OH (inker arm 

5 [0148] The following procedure describes the preparation of phosphoramidites of the dyes with a (N-hydroxyalkyl) 
sulfamoyl linker arm -S0 2 NH(CH 2 ) 6 OH. 

[0149] A cyanine dye bearing an -S0 2 NH(CH 2 ) 6 OH linker arm (0.5 mmol, prepared as shown in Examples 11 g - 22 
g was dried by coevaporation with dry acetonitrile, followed by dissolution in 30 ml_ of dry acetonitrile. A few grains of 
tetrazole were added to the solution, followed by the phosphitylating agent, bis-(N,N-diisopropyl)-p-cyanoethyl phos- 
io phoramidite (232 mg, 0.77 mmol). The reaction was monitored by TLC. The solvent was evaporated and the flask was 
evacuated under high vacuum overnight. The resulting solid was triturated several times with dry diethyl ether and 
dried under high vacuum overnight and stored under argon at -20 °C. 

EXAMPLE 25 

15 

Labelling of anti-HCG antibody with the succinimidylesters dyes of Example 23 

[0150] The coupling of the succinimidyl esters dyes of Example 23 was carried out as follows. Stock solutions were 
prepared for the coupling reactions: 

20 

(1) 5 mg/mL of succinimidyl ester dye of Example 23 in dry DMR 

(2) 1.0 mg/mL of anti-HGH from rabbit (DAKO) in 0.1 M, carbonate/bicarbonate buffer, pH 9.3. 50 u± of dye was 
added to 1 mL of anti-HCG stock solution. The mixture was thoroughly mixed on a vortex mixer and incubated 
overnight in the dark at room temperature in a shaker incubator. The reaction mixture was then chromatographed 

25 over Sephadex G-25 using a 1 50 mM NaCI, 10 mM phosphate buffer pH 7.0. Depending on the dye employed, a 

dye-to-antibody ratio of 5-7 was estimated, using the following formula: Dye/I gG = A dye e^ G /(A 2 7e - ^%^ye) E dye* 
where A^ e is the conjugate absorbance at the maximum absorption of the dye, is the extinction coefficient of 
the IgG antibody at 278 nm, is the extinction coefficient of dye at its maximum absorption, A280 is the conjugate 
absorbance at 280 nm, and c % is the percentage of dye absorption at 278 nm with respect to its maximum ab- 

30 sorption. 

EXAMPLE 26 

Performance of a fluorescence immunoassay with p-HCG standards 

35 

[0151] For the quantitative determination of p-HCG standards, a sandwich test was carried out. To a set of siliconized 
test tubes, there was added 50 u,L of P-HCG standard solution (0 mlU/mL; 10 mlU/mL; 25 mlU/mL; 50 mlU/ML; 100 
mlU/mL; 200 mlU/mL). Then 50 jiL of a solution containing 3.9x10 -8 M of anti-HCG labeled as described in Example 
25 in dilution buffer pH 7.0 (0. 1 M Tris Buffer, 20% foetal calf serum 0.05 Thimerosal and 0.02% Tween 20). An additional 

40 150 |iL of buffer solution (150 mM Na phosphate with 20g/L bovine serum albumine) is added to each test tube and 
finally a 6.5 mm polystyrene bead coated with capture anti-p-HCG IgG via a streptavidine-biotin layer is added to each 
test tube. The mixture is incubated overnight at 37 °C on a shaker incubator. The capture beads are then washed three 
times with distilled water and then transferred into test tubes containing 2 mL of 0.1 M sulfuric acid. After 30 min the 
sulfuric acid solution is pipetted into fluorescence cuvettes and the dye content is measured by fluorescence spectros- 

45 copy. A typical calibartion curve is as follows: 0 mlU/mL - 0.050 Fl; 10 mlU/mL - 1.56 Fl; 25 mlU/mL 3.54 Fl; 50 mlU/ 
mL - 5.01 Fl; 100 mlU/mL 8.93 Fl; 200 mlU/ML 1 5.99 Fl, where Fl is the relative fluorescence intensity in arbitrary units. 

EXAMPLE 27 

50 Labelling of anti-a-fetoprotein antibody with the succinimidylesters dyes of Example 23 

[01 52] The coupling of anti-a-fetoprotein with the succinimidyl esters dyes of Example 23 was carried out in the same 
way as that of the anti-p-HCG reported in Example 25. 
Stock solutions were prepared for the coupling reactions: 

55 

(3) 4.0 mg/mL of succinimidyl ester dye of Example 23 in dry DMR 

(4) 2.0 mg/mL of anti-a-fetoprotein from rabbit (DAKO) in 0.1 M, carbonate/bicarbonate buffer, pH 9.3. 
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50 ul of dye was added to 1 ml_ of anti-cc-fetoprotein stock solution. The mixture was thoroughly mixed on a vortex 
mixer and incubated overnight in the dark at room temperature in a shaker incubator. The reaction mixture was then 
chromatographed over Sephadex G-25 using a 150 mM NaCI, 10 mM phosphate buffer pH 7.0. Depending on the dye 
employed, a dye-to-antibody ratio of 3.5 - 4 .5 was estimated, using the following formula: Dye/IgG = A^e^^A^ ~ 
5 c % A dye) e dye» wnere A dye is tne conjugate absorbance at the maximum absorption of the dye, e, gG is the extinction 
coefficient of the IgG antibody at 278 nm, edye is the extinction coefficient of dye at its maximum absorption, AgQQ is 
the conjugate absorbance at 280 nm, and c% is the percentage of dye absorption at 278 nm with respect to its maximum 
absorption. 

10 EXAMPLE 28 

Performance of a fluorescence immunoassay with a-fetoprotein standards 

[0153] For the quantitative determination of a-fetoprotein standards, a sandwich test was carried out. To a set of 
is siliconized test tubes, there was added 50 \iL of a-fetoprotein standard solution (0 ng/mL; 5 ng/mL; 15 ng/mL; 50 mlU/ 
ML; 1 00 mlU/mL; 250 ng/mL). Then 50 u± of a solution containing 5.8x1 0 _e M of anti-a-fetoprotein labeled as described 
in Example 27 in dilution buffer pH 7.0 (0.1 M Tris Buffer, 20% foetal calf serum 0.05 Thimerosal and 0.02% Tween 
20). An additional 150 fiL of buffer solution (150 mM Na phosphate with 20g/L bovine serum albumine) is added to 
each test tube and finally a 6.5 mm polystyrene bead coated with capture anti-a-fetoprotein IgG via a streptavidine- 
20 biotin layer is added to each test tube. The mixture is incubated overnight at 37 °C on a shaker incubator. The capture 
beads are then washed three times with distilled water and then transferred into test tubes containing 2 mL of 0.1 M 
sulfuric acid. After 30 min the sulfuric acid solution is pipetted into fluorescence cuvettes and the dye content is meas- 
ured by fluorescence spectroscopy. A typical calibartion curve is as follows: 0 ng/mL - 0.71 Fl; 5 ng/mL - 0.92 Fl; 15 
ng/mL 1.25 Fl; 50 ng/mL - 1.97 Fl; 100 mlU/mL 4.01 Fl; 250 mlU/ML 7.56 Fl, where Fl is the relative fluorescence 
25 intensity in arbitrary units. 

EXAMPLE 29 

Method for labelling ribonucleotides, deoxyribonucleotides and dideoxyribonucleotides with the succinimidylesters 
30 dyes of Example 23 

[0154] 3-amino-1-propynyl ribonucleotides, deoxyribonucleotides and dideoxyribonucleotides (AP-3 nucleotides) 
were prepared as described in US 5,151,507. In such compounds the 3-amino-1-propynyl linker is attached to the 5 
position of pyrimidines or the 7 position of 7-deazapurines.The AP-3 nucleotides were dissolved to a final concentration 
35 oMOmM. 

Stock solutions containing 2 mg/100 yiL of succinimidyl ester dyes of Example 23 in anhydrous dimethylsulfoxided 
were prepared. To 0.1 ujtioI of AP-3 ribonucleotides, deoxyribonucleotides or dideoxyribonucleotides was added 30 
uL of 0.25 M carbonate pH 9.0 buffer followed by the addition of 5 u± of succinimidyl ester dyes in dimethylsulfoxide. 
The mixture was rapidly mixed on a vortex mixer and then incubated overnight in the dark at room temperature in 
40 shaker incubator. Dye-labeled nucleotides were purified by gradient RP-HPLC (Buffer A: 100 mM triethylammonium 
acetate pH 7.0 in water; Buffer B: 100 mM triethylammonium acetate in 70 % (v/V) acetonitrile; flow rate: 1.0 mL/min) 
evaporated to near dryness and diluted in 1 mM EDTA, 10 mM Tris-HCI pH 8.0 buffer. 

EXAMPLE 30 

45 

Preparation of a theophylline-cyanine conjugate 

[0155] 515 mg (0.56 mmol) of 2-{5 , -[r-(5-sulfonatobutyl)-5 0 -(S0 2 NH-CH2-CH 2 -CH 2 -CH 2 -NH 2 )-3 n 1 3 tt -dimethyl- 
(3"H)-indol-2 ,, -ylidene]-1 ',3'-pentadien-1 '-yl}-1 -(8-sulfonatobutyl)-3,3-dimethyl-(3H)-indolium-5-sulfonate from Exam- 

50 pie I2e and 165 mg (0.56 mmol) of theophylline-8-(3\3'-dimethyl)butyric acid (8-(2\6'-dihydroxy-1\3'-dimethylpurin- 
8'-yl)-3,3-butyric acid; prepared by condensing 5,5-diamino-1,3-dimethyluracil hydrate with 3,3-dimethylglutaric anhy- 
dride in pyridine according to the Traube method) were dissolved at room temperature in 1 mL of dry pyridine. To the 
solution was added 11 6 mg (0.56 mmol) of dicyclohexylcarbodiimide and 64 mg (0.56 mmol) of N-hydroxysuccinimide. 
Stirring at room temperature was continued overnight. Precipitated dicyclourea was removed by filtration and the py- 

55 ridine was evaporated in vacuo. The residue was dissolved in the minimum amount of a 50:50 water/metanol mixture 
and purified by RP-HPLC chromatography (eluent: water/methanol 50:50). 
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Claims 

1 . A fluorescent compound of the formula: 



10 




^5 wherein: 

X v X 2 are independently selected from the group consisting of -O-, -S-, -C(CH 3 ) 2 or -C=CH 2 ; 
Y lf Y 2 are nonmetal atoms required to form a benzo-condensed or naphtho-condensed ring; 

20 

Q is a conjugated moiety that increases the fluorescent quantum yield and the stability of the compound; 

R 1 and R 2 are indipendently selected from the group consisting of H, C r C 4> alkyl, alkylensulfonic group or 
alkylensulfonate group wherein the alkylene group has from 1 to 4 carbon atoms; 

25 

R 3 , R 4 and R 5 are indipendently selected from the group consisting of H, a sulfonic group, a sulfonate group, 
alkylensulfonic, alkylensulfonate and -S0 2 NH(CH 2 ) m -W-(CH 2 ) n Z, wherein alkylene has 1 to 4 carbon atoms, 
with the proviso that at least one of R 1 to R 5 contains a sulfonic or sulfonate group; 

30 w is absent or is a group selected from -S0 2 NH-, -O-, -COO-, or -CONH-; n = 0-12 and m = 0-12 with the 

provisoes that m+n <, 12 and at least one of m and n * 0; 

and Z is, or contains a N, O or S nucleophile functionality or is, or contains a functionality capable of reacting 
with N, O or S nucleophiles. 

35 

2. A fluorescent compound according to claim 1 wherein Z is a nucleophile functionality selected from the group 
consisting of -NH 2 , -OH, and -SH. 

3. A fluorescent compound according to claim 1 wherein Z is a functionality capable of reacting with N, O, S nucle- 
40 ophiles selected from the group consisting of -COCI, -COOCOR, -CONHNH 2 , N -hydroxys ucc in imido esters, -NCS, 

-CHO, -CHOCH 2 l, phosphoramidite and maleimido. 

4. A fluorescent compound according to claim 11 to 3, wherein at least two of the groups to R 5 contain a sulfonic 
acid or a sulfonate group. 

45 

5. A fluorescent compound according to claim 11 to 3, wherein R3, R4, R5 are all a group of the formula -S0 2 NH 
(CH 2 ) m -W-(CH 2 ) n Z. 

6. A fluorescent compound according to claim 1 to 5, wherein X, and X 2 are both -C(CH 3 ) 2 . 

50 

7. A fluorescent compound according to claim 1 to 6, wherein Q is a polymethine chain having from 3 to 7 carbon 
atoms selected from the group consisting of: 
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9. A nucleic acid probe labelled with a fluorescent compound of one of claims 1 to 8. 

10. An immunologically binding reagent labelled with a fluorescent compound according to any of claims 1 to 8. 

11. A nucleotide labelled with a fluorescent compound according to any of claims 11to 8. 

12. A nucleoside labelled with a fluorescent compound according to any of claims 1 to 8. 

13. A method of assay of an analyte in a sample comprising contacting a nucleic acid probe or an immunologically 
binding reagent labelled with a fluorescent compound according to any of claims 1 to 8 under suitable conditions 
for binding with an analyte wherein the binding is representative of the presence or amount of the analyte in the 
sample and determining the extent of said binding by measuring the fluorescence of the bound nucleic acid probe 
or immunologically binding reagent labelled with said fluorescent compound. 

14. A kit for an assay according to claim 13 comprising a compound according to any of claims 1 to 8 and a nucleic 
acid probe or an immunologically binding reagent. 
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Figure 1 
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Figure 2 
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R 5^==^yS0 2 NH(CH 2 ) m ^CH 2 ) l| Z 







5^-^ S °2NH(CH 2 ) m - W -<CH 2 ) n Z 




5 N ^-^^2^(CH 2 ) m -w-(CH 2 ) r| Z 



0 2 NH(CH 2 ) m -W-(CH 2 ) n Z 



Figure 3 
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Figure 4 
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Figure 6 
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Figure 8 
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SO- 3 M- M-0 3 S X/a-d-NHS 



Figuire 9 
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NHPh 



Figure 10 
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NHPh 



\so 3 

MeOH, AcOK 




(i-Pr/yPOCE, tetrazole 

O 




(i-Pr2N2)POCE = bi$KN,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 11 
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Figure 12 
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Figure 13 
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SO3M* M + ~0 3 S 



(i-Pr 2 N 2 )POCE, tetrazole 




SO^M* M + "0 3 S 



(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 14 
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■o 3 s 




1. Ac0 2 , pyridine 

(2. CH 3 CH 2 SNa. DMF) 




Figure 15 
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Figure 16 
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'0 3 S 




1 . Ac0 2 , pyridine 

(2. CH 3 CH 2 SNa, DMF) 




(i-Pr 2 N 2 )POCE. tetrazole 

0 




(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 17 
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Figure 18 



52 



EP 1 065 250 A1 




Figure 19 
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(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 



Figure 20 
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MeOH, AcOK 




N SC>3M* M + "0 3 S 



Figure 21 
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Figure 22 
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1.(i-Pr 2 N 2 )POCE, tetrazole 




j-OPam 



(i-Pr2N2)POCE = bis^N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 23 
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M + ~0 3 S 



1 . Ac0 2 , pyridine 

(2. CH 3 CH 2 SNa, DMF) 




0 (CH 2 )n /? 



o 3 s 



R = H, XVIa-d 
L , R = CI, XVIa-d-CI 



M*'0 3 S' 




o-JS 



M*"0 3 S 



V R = H, XVIa-d-NHS 

/ H2)4 R = CI, XVIa-d-Ci-NHS 



Figure 24 
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Figure 25 
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(i-Pr 2 N 2 )POCE, tetrazole 




(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 26 
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Figure 27 
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Figure 28 
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(i-Pr 2 N 2 )POCE, tetrazole 



O 




OPam 



(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 29 
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Figure 30 
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Figure 31 
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(i-Pr^JPOCE, tetrazole 




(i-Pr2N2)POCE = bis^N^-diisopropylKyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 32 
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Figure33 
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-o 3 s 




Ac0 2 , pyridine 




Figure 34 
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(i-Pr 2 N 2 )POCE t tetrazole 




(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 35 
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Figure 36 
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Figure 37 
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NHPh 



(i-Pr/yPOCE, tetrazole 




—OParn 



SO^NT M*"0 3 S 



(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 38 
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Figure 39 
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Figure 40 
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'SO3M* M + "0 3 S 



1. (i-Pr 2 N 2 )POCE, tetrazole 




(i-Pr2N2)POCE = bis-(N,N-diisopropyl)-cyanoethyl phosphoramidite 
Pam = Phosphoramidite 

Figure 41 
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Figure 42 
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Figure 43 
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